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Aveling & Porter, Ltd., 


Rocumsrsr, Kent, 
and 72, Cawnon Srrzst, Lonpon. 
STEAM ROLLERS, ROAD LOCOMOTIVES. 
STEAM CULTIVATING MACHINERY. 
STEAM WAGONS. in saga 
CEMENT-MAKING MACHINERY- 


A. (S. Munford L* 


OULVER STREET WORKS, COLCHESTER. 

On ADMIRALTY AND War Orricr Lists. 
ENGINES for T 0 Boats. Yachts, Launches, 
BOL FEED PUMPS. 

See Advertisement, page 24, last week. 

PATENT WATER-TUBE BOILERS, 
AUTOMATIO FEED REGULATORS 
And Auxiliary eons | as supplied to the 
dmiralty. Od 2179 


His Speed, Special Service 
anp SHALLOW DBAUGHT Mare 
JOHN gy vee Bate, COMPANY, Lrp., eae 

ees se LW. 


CC'S Hare eee matic ASH Kjyector. 
ah av Sskarees 90% ol No noise. No dust. No dirt. 


20 ft. clear ‘of vessel.—Apply, F. J. 
ENT s PROCTOR, Lap., Naval Architects and 











arrow & Co., Ltd., 


ene anaes AND ENGINEERS, 
LASGOW (formerly of Por.ar, LONDON). 


UP TO 45 


STEAMERS OF 
Exceptional Shallow Draught. 


PROPELLED BY STEAM 
Turbines or 


Internal Combustion Engines. 


(ampbells & Herter, L4 


SPECIALISTS IN 
Drilling &. Boring Machinery 
for Engine Works and Boiler Shops. 
____ DOLPHIN FOUNDRY, LEEDS. _ 4647 


“Yachts, Launches or Barges. 


Built complete with Steam, Oil or nee 
Motors ; or Machinery supplied. Od 855 


VOSPER & OO., Lap., Broad Street, PortsmouTs. 


Tiank Locomotives. 
Gams A pee me | equal to 
_R&wW. BAWrnoRe LESLIE & O0,, Lep., 


Line Locomotives. 
ENGINEERS, NEWCASTLE-ON- TYNE. 


Od 8758 











4321 





Surveyors, 43, Billiter Bldgs., Billiter St., ote, ES 





Wilkinson & Sons, 


HLEY, are OPEN to UNDERTAKE 
SPUR GEAR CUTTING, 4in. to 1} in. pitch, and up 
to 4ft. diam. Also IRON CASTINGS. Enquiries 
solicited, 4181 
(535, 5 king ines, Suction Plants, 

Case | Tests and Réports. Expert 
sdvioe EJ. J. DAVE _ x M.I. Mech. E., Great Eastern 


Road, Stratford. ephones: East "1360 ; — 
569: ‘Tel. : apidising, London. 


Petter Qi! Pingines 


Manufactured by 3591 
PETTERS Luurap, Engineers, Yeovil. 


Lowcock’ 8 Hconomisers 


axpd OAST-IRON FLANGED PIPES. 
A. LOWOOOK, © Lap., SHREWSBURY. 4562 


“1[thompson” 
IN 
Two 











without ies). Hand-work 
TOOLS for SHIPBUILDERS & BO) 


DAVIS & PRIMROSF, Lacrsp, Lara, Epovsvnon. 
Brett's atent ifter Co: 


ome Presteh: Furnaces, 
COVENTRY. 


Dorling & & Co., Lid, 
BRADFOR 
HIGH-OLASS ENGINES FOR Diu PURPOSES, 
also WINDING. ae saan COMPRESSING 
and PUMPING ENGINES. 1896 
rbnse.—-Mleseeia. Steam, 
‘“HYDRAULIO and HAND, 


*RUSHELL & 0 
wets aoe ome & co., 
Glasgow.” 











Lp. ' 


R. Heber Rad Radford, Sons Squire, 
__Enenrezame, Tron anp Sresi Wonas. 
Established) Valuers, lover 50 years. 

Consvieire Enourerrs, ARBITRATORS AND 

Parmrr Acznts. (Senior Partner, R. Heer 

Mem. Inst. Peng Mem. ‘Inst. 

Ohartered of Patent ne 

15, Sr. Jauns Row, 

Telegrams : —e Sheffield.” 


. one a 


"Yor © Water-Tibé ~ Ballers; ~ 


GMYPED, BERMINGHAML. 





Fellow. 
4857 





oilers| tro 








a Machine Tools in Stock :— 


Vertical DRILLS, to admit 18 in., 26 in., 
and 36 in. diameter. Bolt Screwing MACHINES. 
10}in. centre Special Shafting LATHE. Second- 
hand PLANER, 25 ft. by 6 ft, by 6 ft. 

JAMES SPENCER & 00., Lrp., 4960 
*Chamber Iron Works, Hollinwood, Manchester. 


\ ew Colbourn High Duty 
SHELL DRILLING MACHINES. 


LATHES, Vertical BORING 
MILIS, &c. 


and TURNING 


JOHN MACNAB, Mary Sraast, Hyrps. 
Tel. No.: 78 Hyde. 4629 


Fer Sale, Worthington Horiz. 


Comp. Cond. PUMPING ENGINE, 20 000 galls. 
per hour, complete with 8 in. dia. Suction Pipe, Foot- 
valve, and Strainer, and Sin. dia. Air-valve and 
Reflux-valve, on delivery. In perfect condition, 
having recently been overhauled and renewed 





ughout. 

Also Lancs. BOILER, 27 ft. by 7 ft., flues 2 ft. 9 in. 
dia., erected 1887 by Thos. Beeley. Insured for 85 Ib. 
Guaranteed perfectly sound. 


CLEVEDON WATER COMPANY, 
Clevedon, Somerset. D229 
Tue Giascow Rone Stock AnD PLanr Works 


He Nelson & Co., Ltd., 


ersof RAILWAY CARRIAGES, WAGONS, | 

OARS and EVERY OTHER DESCRIPTION OF 

RAILWAY anp TRAMWAY ROLLENG STOCK. 
Makers of Wuee.s and Axes, Ratway Parr, 

Foreme, Smith Work, Iron ano Brass Oasrines. 
tered Office and Chief Works: Motherwell. 

Cardiff Office: Gordon Chambers, 31, Queen Street. 

n Office: 14, Leadenhall Street, my + 


Londo: 
See Illustrated Advt. in alternate issues. 
P & W. MacLellan, Limited, 
* . OLUTHA WORKS, GLASGOW. 
MANUFACTURERS OF 
RAILWAY CARRIAGES AND WAGONS, 
OF BVERY_DRSCRIPTION. 
RAILWAY IRONWORK, BRIDGES, ROOFING, &c. 
Chief Offices: 129, Trongate, Guaseow.. . Od 8547 
Registered Office: 1084, Cannon St., London, , BAO. 


T'wo 200 KW. Westinghouse ouse 
ALTERNATORS and EXOITERS 

pi ea ager cgmde 9 ge 

D.C. 275 KW. SETS, 500 volts. Two 
220 volts. 








Two Belliss 
Belliss 160 KW., 
A.C. MOTORS, New, Four 10 HP., One 5 HP. 500 
volts ; One 85 HP. 600 volts. Three phase, 50 periods. 
- JENNINGS, 4576 
West Walls, Newcastle-cn- Tyne. 





[kc Gieeg lasgow Railway 
+ Soreinee “Sieg gered 
London Offce-12, Victoria Street, 8.W. 


RAILWAY OA 
' CARRIAGE & W. 
“CAST. 


W. TRAMWAY | makes 


TRON WORK, also 
LE BOXES. 





oyles Limited, 


ENGINEERS, IRLAM, MANCHESTER. 
FEED WATER HEA 
CALO) 
P 
Merrill's Paten’ 


EATERS, 
RIFIERS, EVAPORATORS, 
OONDENSERS, AIR HEATERS, 
STEAM axp GAS KETTLES. 
EAM TRAPS. REDUCING VALVES. 
SYPHONIA STEAM TRAPS, REDUCING VALVES. 
h-class GUNMETAL STEAM FITTINGS. 
ATER SOFTENING and FIVTERING. 4924 


Row’s 
ATENTS. 


Y arrow Patent 


“Weter- -tube Be 


Mxsexs. YARROW & O0., UNDERTAKE 
PRESSING and MACHINING of the various 
of Yarrow Boilers, such as the 


and rs for’ British and 
Firms not having the necessary 
YARROW & , Lro., Scorsrouxr, GLASGOW, 


ater 





F[lubes, lron and Steel. 
Edwin Lewis & Sons, 


4923 
148, aston Sono, Wolverhampton. 


[tubes an and Fittings, 
Qtewarts and Loves. [4 


41, OSWALD 8T., GLASGOW 
BROAD OHAMBERS, BIRMINGHAM ; and 
LONDON OFFICE— 
Op Broad Srazer, EO. 


Wincnestsr H 

LONDON WAREHOUS: 157,Ure. TaaunsSr., BO. 
LIVERPOOL ARE Parapiss St. 
MANCHESTER WAREHOUSE—S4, Deanseats. 
OARDIFF WAREHOUSE182, Bure Sr. 
BIRMINGHAM WAREHOUSES — Broap 

Onamenrs, Susercors Sr., and 10, Co: 

See Advertisement page 26. 





Sraxer 
HILL Sr. 





Craig & Donald, Ltd., Machine 
L MAKERS, Sommanent, Sead Glasgow. 


For class of Machine Tools see our — 
Advertisement every alternate week, 





S eparators 

‘ — FroR — 

EXHAUST STEAM 

OOMPRESSED AIR 

TUBBINES. 

HIGH PRESSURE 
STEAM. 


rinceps & Co., 
SHEFFIELD. 


4110 


[ro Castings.— Advertisers 
wish to get into touch with an Iron’ Foundry 
in the London district willing to undertake the 
vie of + 100 "pers ik. Address, D307, 
value a week.— 

Offices of ENGINFERING. 65 


Sale, Marine Boiler, 
S ccstonte. Dy W. tee 125 Ib, w.- 
. Sisson & Co., No. 1 


SINCLAIR, HAMILTON & CO., 
17, St. Helen's Place, E.C. Dis 


Ke Sale, One Good Second- 


hand MARINE igen at 7 fe long, 6 ft. 6 in. 
diameter complete with uptak funnel, 
mountings, renin. 70 ib. warkieg pressure. 
Also ditto complete, 6 ft. 6 in. long, 5 ft. 6 in. 
diameter ; would probably insure at 120 Ib. working 
pressure. 





Also-TWO FLUSH RIVETTED FUNNELS in good 
condition, 18 ft. and 20 ft. long, 2 ft. 9 in. and 3 ft, 
diameter. 


Apply :— D 
apd J, T. CRAMPTON us 
Albion Shipyard, Portsmouth, 


_ 4990 f° 


-) ohn Bellamy, Finger: 


MILLWALL, LONDON, E. 
Gangrat OonstructionaL ENGrneurs. 
Boilers, Tanks& Moori Buoys 
Perro. .Tanas, . Alm - 
om 84 Riversp Sream xp VawtiLaTine ann 
— Sreciat ve Seay a or AM cme 


arst, elson & ( Yo., T td. 
He Guaseow Nem eC Le 


Matthew pal & (Co. Lj 


Levexronn Worrs, Dumbarton. goss 
See Full Page Advt. page 52, Jan. 14. 


T'aylor & (Shalien, Ltd., 


BIRMINGHAM. 
Presses for Sheet Metal 
See Advertisement, Jan. 14, page 55. 


PRODUCTS. 
HH Wrightson & Co. 
LIMITED. — 

See Advertisement page 36, Jan. = 402 1 

GOLD MEDAL—Inventions Exutsrriox 
uckham’s Patent Sus ‘Suspended 

WEIGHING MACHINES. — EAST FERRY 

ROAD ENGINEERING WORKS COMPANY, Lixitnp, 


Loxpos, E.— age Oranes, Grain Elevators, &e. 
See Illus. Advt. last week, page 17. 

















Packing Cases Supplied, or 
bg les oo =, for export, &c.--SHEPHBRD 
axp OO., Merchants, St. Peters Wharves, 
fasasaietealie. tte 1136, Hammersmith. D 398 


aa MULTITUBULAR Au AND 


(Cochran 
Boilers o 


Bee page 8. 
ocomotives in Stock.— 


wae, SEE & Oe Lap., have in stock 
or in advanced state of progress at 

5 Trent, a number of , 
LOOOM sin ye ge yen in, to 16 in. 
ve), 


diameter 
ny yaar to teens, SrOant & re OO. Es - 
5, Broad Street 


. BLO. ~ 
Rebber 


4570 
Conveyor eel" 





toke-on- 








MANUFAOTURERS. 


GUTTA PERCHA & spite ae 4 LIMITED, | 


Toronto Oanada. 4520 





| Mechanics and Metals 


National Bank 


OF THE CITY OF NEW YORK. 
EstaBuisnep 1810. 


CAPITAL (Pully Peid) .-- ----- - $8,000,000 
SURPLUS & UNDIVIDED PROFITS $9,000,000 
This Bank ‘ recei 


consistent »pradent and cenbarwaive 
methods. 

OORRES pone INVITED. 

“ Exports and importa, Buys and Sells 

ror eon onal para of te work &., and 


OINT STOOK Lp. 
iN JOIN STOCK BANK: Lam 


oe B 


CHANTIERS & 


Avsustin - NJormand 


67, ru de ee HAVRE 


3890 
pate, Yachts and Boata. 
Destroyers, pepete Bee, Fast 
her pa oe Patent Water tube Boilers, Coal or Oi 
Diesel Oi) Engines. 


& Massey, Ltd., 
. MANCHESTER, 
team ammers, 


ower ammers, 
tamps, 
a ae : 

















a a ae 




















————— 


Ks) * 
ry 7 
Lo? Ni « 





» 


~ 


ENGINEERING. 


[Jan. 28, 1916. 








rine Manchester Steam Users’ 


ASSOCIATION, 
For the Prevention of Steam Boiler 
Attalnmentoft 


the 
9, Mount Street, MANCHEST! 
Ohief Setieer: 6. & STROMEYER, M.LC.E. 
Founded 1854 by Sir W. Farrzatry. 
Certificates of Safety issued under the Factory and 
Workshops Act, 1901. Com Sor Beeenqnoas’ 
Liabilities paid in case of Engines and 
Boilers inspected during construction. 


Parents AND Desions Act, 1907. 


Notice is Hereby Given that 


ALEXANDER OONSTANTINE I0NIDES, 
Junior, of 34, Porchester Terrace, in the County of 
ion, Gentleman, seeks leave to amend the 
Specification of Letters Patent No. 15455, of 1909, 
granted to him for ‘Improvements in Heating 
en Burnin D genera Fuel.” 
jculars of the proposed Amendment were set 
forth in the Jllustrated Oficial Journal (Patents), 
issued on the 19th January, 1016. 

Any person or persons may give notice of opposition 
to the Amendment by leaving P Patents Form No. 18, 
at the Patent Office, 25, 
London, W.C., within one calendar month from the 
date of the said Journal. 

W. TEMPLE FRANKS, 
Com ptroller-eneral. 








D4?8 


% ,_. THE hs 
niversity of Liverpool. 


SESSION hay 5 ee cee BEGINS ON 
11t) 
FACULTY OF ENGINEERING. 
Dean—J.WKMYSS ANDERSON, M.Eng. ,M.Inst.C.E. 
PROFESSORS AND LECTURERS, 
ENGINEERING. 
Harrison Professor—W, H. Warkinson, M.Eng., 
M. Inst. O.E., M.L Mech. E., M.LE.E. 
Lecturer in Strength of Materials—W. MAsox, 
D.8e,, Assoc. M. Inst. O.E. 
ELECTRICAL ENGINEERING. 
David Jardine Professor—E. W. Marcnant, 
D.8c., M.LE.E. 
Lecturer in Municipal Electrical Engineering— 
a emg Professor—A. Bromirky Homes, 
, M. Inst. C.E., M.LE.E. 
orvit. | ENGIN ECRING. 
Professor 8S. W. Psrrorr, M.A.L, 
Lecturer in Railwa: 
Professor J. A. F. 
O.E., M.1. Mech. E. 
Lecturer in Municipal ise himecon, 
Professor J. A. Bronte, M. Inst. C.E. 
M.I, Mech. E. 
Lecturer in Dock and Harbour Engineering— 
Associate Professor A. G. Lysrer, M.Eng., 
P. Inst. O.E. 
Lecturer in anolnceing Geology—J. Vixcext 
E.spgen, D.8c., F.G. 
Lecturer in Dock and Harbour Construction— 
T. R, Wivroy, M.A., Assoc. M. Inst. C.E. 
NAVAL ARCHITECTURE. — Alexander Elder Pro- 
ye ge T. B. Apett, R.O.N.C., Ret., 


M. Inst. C.E.- 
Engineering — Associate 
SPINALL, M.Eng., M. Inst. 


M. Inst. N,A. 
MARINE ENGINEERING.—Professors and Lec- 
turers in Naval Architecture and Engineering. 
a. AND DRAWING AND REFBIGER. 
TION. turer— J. Wemyss ANDERSON, 
M.Eng., M. Inst. C.E., M.I. Mech. E. 
MATHEMATIOS.—Protessor F. 8. Carey, M.A. 
PHYSIOS. — Jones Professor—L. R. WILBEr- 
PORCE, 
CHEMISTRY. ‘Grant 
M.8c., F.R.8., F.LC. 
The Special Matriculation epee al or the 
Bntrance Examination, must be passed to secure 
admission to Courses of Instruction in the Faculty. 
The Prospectus of the Faculty may be obtained on 
application to the undersigned. 


EDWARD CAREY, Registrar. 


[st C.E., Inst. Mech. E., 


and all Engineering Exams. Co ence 


gat ot 2” 
x Proxime Accesait.” 


candidates. Write for 
Offices of NEERING. 


STRUCTURAL ENGINEERING. 


Fe Particulars of Course of 
INSTRUCTION by CORRESPONDENCE, 
write to “THE WESTMINSTER ENGINEERING 
ee ” 28, Old Oak Road, Acton Park, London, 

4821 


o YouWantHelpand Advice 
our study subjects? THE 

THOROU H CLASSES ( E.1), 80, Shakewpeare 
Crescent, Manor Park, » E., PROVIDE expert expert 
TUITION in ‘all branches. Write to the 
INCIPAL, stating yourdifficultiesand requirements, 
D 359 


Professor—K. C. O. Baty, 


D 426 





Special f 
booklet, &c.— Address, 
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TENDERS. 
BIRKENHEAD UNION. 
The Guardians of the Birkenhead Union invite 


A hemes from Heating and 


neers for the SUPPLY, 

yo — at the Union Institution 

mere, Birkenhead, 

Obra iskp HEATING AND 

or WATER SUPPLY PLANT, together with 
Mains, —— and — 

Copies General Conditions, Specification and 
og and Forms of Tender may be obtained from 
Messrs. Stoan & Liorp 
fee ML ech.E., $4, Castle Street, Liverpool, 
on payment of a deposit of Two Guineas, (<2 2s.), 
which depot wil be returned on receipt of a bona 

Enquiries (if any) should be addressed to the 

neers. Tenderers are requested to furnish a 
t of recent similar work performed. 
“_ evening | the Guardians, directly or indirectly, 
deemed a 


sealed endorsed ‘ ee yee 
and Hot Water sheen 4 Plant,” and oddressed to tne 
Neen on Vth Februar dy 1916 eee 
ly Order 





Poor Law Offices, 
Oonway Street, Birkenhead. 





INDIA OFFICE, Warenuats. 
26th January, 1916. 


THE ee, oF oF STATE FOR INDIA IN 
IL is prepared to receive 


f[lenders from such 
wt apr 


be 
to the Director-General of Stores, 
4498 | Gihoe, Whit 


tehall, 
at that Office by Two o'clock 
22nd February, 1916, after 
will be received. 





CORPORATION OF LEICESTER. 
ELECTRIC TRAMWAYS. 
¢ Tramways 3 Committee invite 


Quotstion for 30 tons of 


7 in. STEEL GIRDER TRAMWAY RAILS, 
Standard Specification and 
British Randerd Section No. 40 (1} in. groove), or 
for Rails of a similar section. 
uotations should be addresscd as under, and be 
o vered not later than Saturday, 5th February, 
1916. 
E. GEORGE MAWBEY, M. Inst. C.E., 
Borough Engineer. 


D 449 


of 


Town Hall, Leicester. 
24th January, 1916. 


POWER GAS ECONOMY, Lrp. 
(In Laquipation.) 





The Liquidator is open to receive 


(fers for the Whole Interest 


of the above Company in the following 
Patents :— 

Nos. 27678/13, 21827/13, 21328/13, “* ‘ Improvements 
in Reversible Regenerative Furnaces.” 

Nos. 21490/08, 2944/12, ‘*‘ On-ke Oven Doors.” 

No. 8700/14, ** Control of Valves.” 

Nos. 25690/11, 21756/09, 697/11 0072/09; 
Patents, 406476, 410588; Belgian Patent, 
“Charging Coke Ovens.” 

Offers are also asked for the Chemical Apparatus, 

Plans, and other Office P ssessions (not including 
furniture) of the Compan 

Offers to bé sent vised letter) to the a. 
JOHN DUNCAN, Junn.. ©.A., 149, West George 
Street, Glasgow, on or before 19th February, 1916. 

The Liquidator does not bind himself to accept the 
highest or any Offer, and does not undertake to give 
a better title than he at present has. D 446 


French 
218787, 


Hi ee3P ese Wanted, with 
of Time ce 
n already employed 
Beene articulars, to 
QoUR EXCHANGE, utentioning this 


pm and D ‘ 

Wanted Three sShift|=st 
aeeied ckiry te uidiands. Martie | neces 

or ne ceatidlie aipeuianan oat advantage. 





No person 
cients — oe on work will = 
mo gg ert full particu wre 
required, to the nearest LA Dour Ex. 
CHANGE. mentioning this Journal, and No. — 


(Merk Wanted, in Engineering 


Works, 8.E. London, phen records of piece- 
ces. One with know of machining 
ons and able to make up ecmglite piece-work 
No applica- 
will be con- 





work 
cost of any given article from records. 
tions from men eligible for H.M. Forces 

sidered.—Write, stating age. experience, and salary 
required, to nearest LABOUR EXCHANGE, men- 
tioning this Journal, and D 447. 


Wanted, for 
work, in Derby, 
CHIEF TOOL DRAUGHTSMAN, 
experienced in milling and drilling jigs, and press- 

tool work. 


It is essential that applicants should have had 
experience in the manufacture of small accurate 
parte. 





Government 


No man on Government work need apply. 

Apply, stating age, experience, salary expected, 
and a reference, to the nearest BOARD OF TRADE 
LABOUR EXCHANGE, mentioning this paper and 
No. A 370. D341 


[2ughtsman, with Jig and 

tool experience, WANTED for Government 
Work. Good prospects. No one already on Govern- 
ment work he apply.— ly to nearest LABOUR 
EXCHANGE. mentioning th Journal, and D 433. 


[)taughtsman, (Ineligible), 


thoroughly accustomed to ae and con- 
struction of mechanical waterworks, filters and 
softening plants in steel and concrete, also apparatus 
for chemical treatment. Must also be prepared to 
s in erection, charging, adjustment 











WESTPORT HARBOUR BOARD. 
DOMINION OF F NEW ZEALAND. 


[lenders for Bucket Dredger 


AND STEAM HOPPER :— 
Tenders will be received until Noon of 2nd Marc’ 
1916, at the Office of the HIGH COMMISSIONER tt 


the Dominion of New Zealand, Westminster Chambers, ‘Candida’ 


13, Victoria Street, London. 8. W., for the OON: 
STRUCTION and DELIVERY of ONE BUCKET 
DREDGER, and of ONE STEAM HOPPER BARGE, 
for the Westport Harbour Board, New Zealand. 

General Conditions of Contract, outline Specifica- 
tion, Form of Tender, &c., may be o ned by 
bona fide Tenderers on application to the Office of the 
the High € a and payment of a deposit of 
£2 2s. Tenders will be considered only from firms of 
standing, pose cal to the building of vessels of the 
kind ; they must be on the Board’s Form of Tender, 
and must be accompanied by plans and detailed 
specifications, 

Tenders, which.must be separate for each vessel, 
must be addressed to the W estport Harbour Board, 
care of the High Commissioner, and endorsed either 
“Tender for Westport Dredger,” or “Tender for 

oy " The lowest or any he * = 


y be accev! 
(Signed) OHARLES GREENLAND, 
Secretary. 








APPOINTMENTS OPEN. 
anted, in July next, an 


experienced MINE MANAGER, for the East ; 
preferably with knowledge of gold mining. cyaniding 
slime filter treatments.—Address (by letter), 
stating age, to K. ©., care of J. W. Vickers & Co., 
Ltd., 5, Nicholas Lane, E C. 'D 421 


OLEETHORPES-WITH-THRUNSOOE URBAN 
DISTRICT COUNCIL. 


APPOINTMENT OF SUPERINTENDING 
MECHANICAL ENGINEER FOR SEWAGE 
PUMPING 1G STATIONS. 


The Council are prep to receive * 


A pplications or the above 
named POST ata salary of £160 per annum. 
A knowledge of gas engines is essential. 
Bm aa be o sined on application to the 
u 


ersigned. 
Applications, endorsed ‘‘ Superintend' 
must be sent to me, with copies of not more than 
three recent testimonials, before Five p.m. on the 9th 
February, 1916. Canvassing will d ey. 
ALBERT 8. BARTER, 
Clerk to the Council, 








Engineer,” 


Council House 


25th Jemmery. 1916. D457 


‘Wanted, at Once, for this 
College, ferns De mae, an ENGINEERING 
MASTER to take charge of the Technical Side. 

in cupeoens —— and in teaching 


elpply to CM STUART. He 

ly to C. M. STUA Siete. D 459 

anted, ‘lhorough pe- 

rienced and Capable Sen a en War 

work. One with some mechanical experience a 

ferred. in constructional detail essen’ 
and required. No 
on Goversinant work will 


caeraieee sae 
M22. Wanted (Ineligible), 


of taking over the clerical work 
connected with —Add: 
panier, D8, Once Emm 








assist 

and manipulation. No ae already employed on 
Government work will be e ed. — Write, with 
testimonials, to nearest LAI UR EXCHANGE, 
mentioning thie Journal and D 405. 


Wanted, inLondon ,Draughts- 


MAN, for general work ; one with a? e — 
rience preferred. Also young ENGIN 
workshop experience, as junior pen A 

tes must be ineligible for the Army, and no 
person resident more than 10 miles away or already 
employed on Government work will be “en 
Address, statin ase. experience, and salary required, 
D 475, Offices of ENGINKERING. 


] taughtsmen.— Wanted, Two 


DRAUGHTSMEN, with good technical training 
and knowledge of etrength of materiais. Able to 
determine stresses in structures; experience in 
aeroplane construction and design desirable, but not 
essential. No person resident more than 10 miles 
away or already engaged on Government work will be 
engaged.—Apply, stating full particulara, experience 
ea required, to THESOPWITH AVIATION 
CO., Lrv., Kingston-on-Thames, D 476 


Bower Draughtsman Required 


for Government controlled firm in the Mid- 
lands. Only those not eligible for military service 
and not already employed on Government work need 
apply, stating age, salary required and references, to 
nearest LABOUR EXCHANGE, mentioning this 
paper and D 406. 


BIRMINGHAM MUNITIONS COMMITTEE. 











DRAUGHTSMEN. 


S everal Competent Men 
REQUIRED, with first class jig and tool 
experience. 

Apply by letter, stating age, qualifications and 
Salary expected, to 


EMPLOYMENT OFFICER, 
National Shell Factory, Midland Works, 
Washwood Heath, Birmingham. 


Mark envelope, ‘‘ Draughtsman.” 
No one already en on Government work 


need ly. Those outside 10 miles radius apply at 
neareat LABOUR EXCHANGE. vr 427 


anted, for Government 
work, in Derby, several 
ASSISTANT TOOL DRAUGHTSMEN, 
Experience in milling jigs, drilling jigs, or Cleveland 
automatics essential. 

Applicants should have had good technical training, 
and preferably experience in the shops. 

No man on Government work need apply. 

Apply, stating age, experience, salary expected, 
and a reference, to the nearest BOARD OF TRADE 
LABOUR EXCHANGE, mentioning this paper and 
No. A 371. D342 








anted, Charge Hand for 
Planing Machine 
neering | nearest LABOUK EXCHAN 
Ni eee pe 
— 


nee 





unition Facto 
Mee etree TOOL ACERS oT. 
Onenate and Bet oe Ghecland. ote a ond te rom 
wud Bhs Sharpe automatic machines. 
engaged on Government — = ae eae pone ser 


nearest LABOUR 
SYOHANGE. sn mention’ hae t this’ s Jeureal and C 87u, 


Fyagineering. Pupil.— Vacancy 
with Firm (Government Contractors) manu- 
facturing latest types of machinery, oil and gas 
.; moderate premium, — 6521, 


upil. — The Borough and 
Waterworks En “or of 


Leamington, has a VAC NCY in his for a 
PUPIL.—Address, TOWN HALL. CO 342 


A Large Firm of Engineers, 


in the Midlands, have an OPENING for a 
YOUTH of good education as premium pupil the 
course to include both works and drawing office, 
Address, 4359, Offices of EnGmvezrine. 

















SITUATIONS WANTED. 


ontractor or Builders’ 


Manager, SEEKS POST, works or office ; sur- 
veyor, expert estimator, buyer, able organizer ; com- 
prehensive, a. technical knowledge and 
experience.— Address, 1) 483, Offices of ENGINEBRING. 


W orks Manager, had severai 


years’ control of 30 foremen, 1500 hands, 
experience in output of hyd., elect., marine, loco., 
and general engineering works, good organiser up- 
aaiedine bene recently engaged controlled firm 
producin quantity munition 
a held similar positions, ition parte Landiees 
GEMENT.—D 479, Offices of ENGINEERING. 


Pingineer (42), with extensive 
experience in electrical, mechanical and 
general work, SEEKS Responsible Administrative 
POSITION in works or office, where organising ability 
and adaptability, combined with tact and ys 
would be appreciated. Willing to go abroad. 
oN ay ye to responsibilities and prospec posta. 
rite, ‘or. SELL’s Advertising Offices, Fleet Street, 
London, E D 464 


(themist Engineer stequires 

ENGAGEMENT ; first-class steel and 

product experience, design and erection of cheenteni 
plant.— Address, D 480, Offices of ENGINEERING. 


ical and Electrical 




















echanical 


Engineer (30), ineligible for the Army, with 
exceptional commercial experience, SEEKS respon- 
sible POSITION, preferably Lancashire district. 
Large remuneratien not essential if with good pros- 
pects.—Addreas, D 452, Offices of ENGINEERING. 


H2gineer (iducated), 
Mechanical and Electrical, with 25 years’ expe- 
rience, OPEN to fresh ENGAGEMENT ; capable and 
resourceful, and accustomed to full responsibility in 
direction of works; wide commercial and manufac- 
turing experience.—D 458, Offices of Encin serine. 
ngineer (32), Danish 
nationality, with exceptional experience as 
erector, chief draughtsman, estimator in modern lifts 
and hoists and in all sorts of electric ee control- 
ing devices, DESIRES APPOINTMENT in England 
or The Advertiser speaks English ; was four 
—_ in Germany in responsible positjon. For full 
ease apply to O.F. 5852, Orell Fussli 
Neneneen, Zurich (Switzerland). D 460 


M cchanical En; gineer( British), 


- now in a. — pate ne meres se in Far 
East. Ten years superintendent engineer manager 
leading kerosine oil tin factory depot ; six years’ 
ment similar firm just termi pre 
entire plans and specifications for tix depots, 
personally supervising, ordering and laying out of 
machinery, sheds, boilers, brick-built bungalows, oi! 
tanks, &.— Applications to ENGINEER, care of 
Street's, 30, Cornhill, E.C. D 461 


xpetienced | Engineer is at 

liberty, Fag Ls perled of War, for purely Govern- 
ment work. M. M.LN,A. Marine, work- 
shop management, seater combustion engineering. 
poy mene not important.-- Address, D 463, Offices 


Epgies: (35), Works, D.O., 


commercial experience boiler plant, 


and neral engineering, 
DESIRES POS ON of 


bility. Availab e 
almost immediately.—D 472, of ENGInEEaine. 
ady 


‘Tracer -Requires an 
ENGAGEMENT in London.—Address, D471, 
of Excinnarine. 
Y oung Lady, Experienced 
rs’ Tracer, DESIRES APPOINTMENT 
in London.— Address, D 473, Offices of ENGINEERING. 
rench Naturalised British 


Subject SEEKS epeeceunes. Many 
—— as tech French, 
special palpated of of 


years’ 
German and other languages. 

patent and engineering business, 
Address, D 431, Offices of eee 
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J ren Draughtsman Wanted, 


Bh Apo os State age, ex 
person resident more than 





Every Engineer 


desiring a 
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THE INSTITUTION OF MECHANICAL 
ENGINEERS. 


AN ordinary general meeting of the above Insti- 
tution was held on Friday last, the 21st inst., at 
the Institution of Civil Engineers, Great George- 
street, Westminster, the President, Dr. W. C. 
Unwin, F.R.S., occupying the chair. The meeting 
commenced at 6 p.M., and judging from the attend- 
ance the earlier hour appeared to be popular. 


Counciz Retirine List. 


The first business of the meeting was the an- 
nouncement by the President of the fact that, in 
accordance with Article 25 of the Institution, the 
President, two Vice-Presidents, and seven Members 
of Council would retire at the ensuing annual 
general meeting. The list of those retiring was as 
follows :—President : Dr. W. C. Unwin, of London; 
Vice-Presidents : Mr. Henry Davey, of Ewell, 
and Mr. Michael Longridge, of Manchester ; 
Members of Council: Dr. A. Barr, of Glasgow; Dr. 
H. 8S. Hele-Shaw, of London ; Mr. Alfred Herbert, 
of Coventry ; Mr. Walter Pitt, of Bath; Mr. Vin- 
cent L. Raven, of Darlington (appointed during the 
year); Captain H. Riall Sankey, of London; and Mr. 
Wilson Worsdell, of Ascot. All the foregoing, 
with the exception of Mr. Herbert (who desired to 
resign), had an nominated, with their consent, 
by the Council for re-election. The following 
gentlemen had also been named by the Council, 
with their consent, for inclusion in the Council 
ballot-list :—Mr. Bowman Malcolm, of Belfast, 
Mr. William Reavell, of Ipswich, and Mr. David 
Evan Roberts, of Cardiff. Following this announce- 
ment, the President invited any member to add to 
the list, but no additions were proposed. 


ALTERATION oF By-Laws. 


Dr. Unwin then observed that a very serious 
question, arising out of the war, had come before 
the Council. A number of the members were on 
active service, and while on such service were 
scarcely in a position to continue their subscrip- 
tions to the Institution ; nevertheless, the Council 
did not desire to lose those members. Moreover, 
many members had been seriously affected finan- 
cially by the conditions of the times. The Council 
had, therefore, been considering what could be 
done to retain members of all classes so situated. 
In view of the fact that the by-laws operated to 
restrict action, the Council had decided to pro- 

e, at. the annual general meeting to be held in 
ebruary next, a revision of the by-laws to meet 
the cases referred to. To do this, however, it was 
obligatory upon the Council to state, at the meet- 
ing now being held, the exact terms of the proposed 
alteration of the by-laws. The President then 
proceeded to read the terms of the proposed altera- 
tion, which were as follows. To by-law No. 18, 
under *‘ Entrance Fees and Subscriptions,” it was 
proposed to add the clause :— 

**The Council, at their discretion, and for sufli- 
cient reason, and for such limited period as they 
may determine, may reduce or remit the annual 
subscription, or the arrears of annual subscription, 
of any member, associate member, associate, or 
graduate who, in consequence of his engage- 
ment on active service, or on other national war 
service during the war commenced August, 1914, 


shall have become unable to maintain the annual| - 


subscription provided by these by-laws.” 

It would be understood, Dr. Unwin continued, 
that the matter could not be dealt with in any 
other way, because private inquiries would be 
needed. e next clause read as follows :— 

‘*Tf the Council shall be satisfied that any 
member, or associate member, or associate has 
during the war resigned his membership, or has 
been struck off the register, on account of financial 
difficulty due to the war, the Council may, at their 
discretion, remit his entrance-fee on re-election.” 

Dr. Unwin here stated that the Council did not 
desire to charge a second entrance-fee to a man 
who had been obliged to resign on account of 
financial difficulty caused by the war. That would 
involve an amendment of Article 26, to which 
Article it was proposed to add the following :— 

‘* Provided always that notwithstanding the pro- 
visions of the preceding by-laws, if the Council 
shall be satisfied that any member, as8ociate 
member, associate, or graduate has, during the 
war commenced in 1914, resigned his membership, 
or has been struck off the register, on account of 
financial difficulty due to the war, he may be 





re-elected by the Council ”—without having to go 
through the regular formalities—‘‘ as a member in 
the class of membership in which he was previously 
to the war, provided that previously to and for the 
purpose of such re-election he shall have signed 
the form of engagement or agr t set out in 
the appropriate proposal form A or B in the 
appendix.” 

Mr. A. W. Marshall inquired whether the pro- 
posed alteration would affect the question of 
members coming under it being able to attend 
meetings and receive the Proceedings, or would the 
temporary suspension of a member’s subscription 
cut him off from theee privileges ? 

Dr. Unwin replied that this matter would be one 
for the discretion of the Council. The Council 
would require to know that the resignation or 
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removal from the register was due to financial diffi- 
culties consequent upon the war. Speaking gene- 
rally, however, he was confident that the Council 
would desire to be generous in the matter. 


Fiow or Arr Turovesr Nozzzzs. 


The paper set down for reading and discussion 
was one entitled ‘‘The Flow of Air Through 
Nozzles,” by Captain Thomas B. Morley, B.Sc., 
Associate Member, of the emi | of Glasgow. 
This paper, of which we commence the publication 
in full in another part of this issue, was read by 
the author. 

Subsequent to the reading of the paper, Captain 
Morley made a few remarks in relation to a dia- 
gram (Fig. 1) exhibited by Mr. H. M. Martin. He 
said that the flow of air surrounding the jet was 
normal to the jet, and that normal direction of 
flow persisted until very close to the plate. Then 
there was a sudden reversal round about the plate ; 
to perhaps about 4 in. or j in. away from the plate 
the flow was tangentially upwards, but up till very 
close to the plate the flow of air was normal 


to the jet. That was indicated by the smoke- 
bands and by the threads. He would here 
mention that some of the experiments made with 
the — tube gave but little evidence in favour 
of the jet having a parabolic form. The speaker 
then described the circulation of the air, and 
went on to say that it was fairly well established 
that the energy system of circulating air did 
not make any very considerable demand upon 
the energy of the jet. It was initiated by the 
jet, but once set up it demanded only the 
small amount of energy required to overcome 
frictional losses. Therefore there approached the 
plate not only the original air from the jet, but 
a considerable body of air from the circulating 
curves ; the momentum of the air deflected by the 
late was accordingly increased. As the plate got 
urther away from the nozzle more of the circulating 
air was taken in, the effect increasing up to a 
certain maximum. It was not possible for bim to 
give a mathematical demonstration of the system 
of stream-lines round about the jet, but he had 
endeavoured to give an outline. What he had 
done certainly led to a result which was in agree- 
ment with the form of the impact variation curves. 
Captain H. Riall Sankey opened the discussion, 
stating that he regarded the paper as one of special 
importance. It was really one of a series of papers 
that had been before the Institution on the question 
of nozzles, and he would remind the Institution 
that some time ago a research on nozzles was sug- 
gested by one of the members. The suggestion was 
taken up by the Council, and the first fruit was a 
paper by Professor Henderson. In discussing that 
paper Mr. Jude had recommended air as the best 
substance for experimenting with, so that Mr. 
Jude and — Morley were in agreement on 
that point. e data given in the author’s paper 
were of great practical value. To the speaker the 
most interesting matter was the discussion with 
regard to reaction and impact, because it had a 
close application to the work about to be done by 
the Committee of the Institution on Steam-Nozzle 
Research. At first sight it seemed better to 
grapple with the substance before parting with it— 
the reaction method—than to deal with it after it 
had,so to speak, been let loose in the universe— 
the impact method. Although it might be said 
that reaction was the best method of any, the 
difficulty was to get the substance to the nozzle. 
Captan Morley had described, in his paper, how 
this was done 6 air, and had stated that there was 
no sensible friction in the long arm on the swivel 
joint. Whether a similarly good result would be 
‘ot when dealing with steam was not quite certain, 
use its temperature, its wetness in some cases, 

and other factors affected the results. The speaker 
feared that there would be a certain amount of 
friction which would not be very definite. In dis- 
cussing the matter at the Committee meeti the 
question of impact and its difficulties had been 
fully realised, and Mr. H. M. Martin had sug- 
gested a means of overcoming these difficulties by 
surrounding the jet with a cage. Captain Sankey 
then referred to the wall di m (Fig. 2) illus- 
trating this cage, indicating the respective i- 
tions of cage and nozzle. The idea of the cage, which 
was made of thin strips of metal, was to prevent 
the formation of eddies. When the author's 
paper was in proof, copies had been issued to 
various members of the Committee, and Captain 
Morley and Mr. Martin had discussed the matter. 
Further, Mr. Gerald Stoney had suggested, as far 
back as November 19 last, that a crucial experi- 
ment might be made by having a cage, with a plate 
at the bottom of it, and at the top a nozzle, the 
whole being supported on the weighing arrange- 
ment which Captain Morley had used. If, then, 
there were any real difference between the reaction 
and the impact, there should be a motion at the 
cage. That experiment had been made, with 
results which, he believed, Captain Morley proposed 
to explain. He would like to ask the pA ven one 
or two questions. Could Captain Morley say if 
there had been any time lag in the thermometers, 
and, if so, had any account been taken of it ? He had 
noticed that electrical thermometers had been used, 
and the lag of those was about one-half of a second, 
which might be an appreciable amount. Further, 
did the wire stretched at the bottom of the air- 
container really give the mean temperature of the 
air throughout the vessel? Of course, this mean 
temperature was required for the formule in the 
r. The volume of the vessel, the author 





stated, was determined by running water 
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into it. Was it necessary to make any allow- 
ance for the water which wetted the side of 
the vessel? Again, it was stated that the errors 
in the area A had not affected the discharge, 
but the speaker did not quite see how that was 
possible. Later in the paper the author had 
used the words ‘‘the theoretical discharge per 
unit area of nozzle, as shown in Table III., by the 
ngzzle area.” It seemed, however, to] the speaker 
that in the discharge the area must come in, and 
if that were so, the errors in the area must be of 
some importance. The author had also stated that 
‘* the pressure in the reservoir was noted, with the 
spindle again just clearing the stops, in the same 
manner as before.” The speaker understood from 
this that, in the experiments, the pressure was 
continually varying as the air out of the 
vessel, and therefore that observation must have 
been somewhat in the nature of a ‘‘ flying shot.” 
Perhaps Captain Morley would explain what 
degree of accuracy would be got in that case. 
aptain Morley then described the experiments 

which had been made in regard to the cage. He 
regretted that he had not obtained such full 
information as he had hoped for. As he had 
explained to the Committee at the time when the 
suggestion was made, his duties had taken him out 
of Thence, and it was quite impossible for him to 
carry out the experiments personally. He had, 
however, offered to place his apparatus at the 
disposal of the Committee, and Mr. R. M. 
Brown, B.Sc., of Glasgow University, ‘had kindly 
consented to carry out the experiments for 
him. The cage supplied by the Research Com- 
mittee had only been in Mr. Brown’s hands eight 
or ten days ago, and he had brought to the meet- 
ing two letters he had received from Mr. Brown 
relating to the experiments which the latter had 
made. All that could at present be stated was 
the general character of the results, from which 
it appeared that there was not an exact balance 
between impact and reaction, the impact being 
slightly greater than the reaction obtained. The 
speaker then sketched on the blackboard the 
nature of the cage as supplied by the Committee 
(Fig. 3). It would be seen that there was pro- 
vided a top plate and a bottom plate, a series of 
rings, and the nozzle. The scale of the weighing- 
machine was below the nozzle, the whole appa- 
ratus being mounted vertically. One matter that 
added to the difficulty of Mr. Brown’s experi- 
ments was the weight of the nozzle, which made a 
very considerable addition to the load on the scale- 

n, somewhat affecting the sensitiveness of the 
olen Mr. Brown had informed the speaker 
that the balance was a little sluggish in workin 
with this apparatus on. Mr. Brown had foun 
the direction of the circulating currents to be 
as shown in the sketch by the arrows. The 
speaker did not know whether the Committee 
intended the cage to stop the circulating currents ; 
it certainly did not stop the currents; it could 
only guide them. An interesting statement by Mr. 
Brown was that at the lower part the direction of 
flow was slightly upwards, and the air left quite 
tangential, or tically so, from the top plate 
(see arrowsin sketch). Mr. Brown had also found, 
with a pressure of 53 lb. per sq. in., a difference of 
0.83 oz. between the impact and the reaction; com. 
pared with the reaction found and shown in the 
paper, that represented a difference of about 2 

r cent. Experiments at other pressures 

mn made with similar results; the impact 

was in excess of the reaction by about 24 to 2 per 
cent. of the value of that reaction. Another inter- 
esting point which had arisen related to the ex- 

riments Mr. Brown had made with a different 

istance between the top and bottom plates. The 
results were indicated by the speaker on the black- 
board (Fig. 4), the actual figures not being given. 
[This constituted a shortening up of the cage, as 
remarked by Captain Sankey. | 

Mr. Brown had found that with a given out-of- 
balance effect the pressure varied. If the apparatus 
were balanced, with no air flowing, Mr. Brown 
added half an ounce. Turning up the pressure 
till the balance was again just reached, Mr. Brown 
had found, with the different distances, that the 
pressure required was at the maximum at the dis- 
tance of 7} in. That would correspond to the 
difference between impact and reaction, taking 
the form shown in the curve. The description 
above given indicated roughly the nature of the 
results. The actual figures would not be given, as, 
from the phraseology of his letter, Mr. Brown was 





evidently desirous of having time to confirm them. 

Professor J. T. Morris, of East London College, 
desired to confine his remarks entirely to the sub- 
ject dealt with by the author in his paper under 
the sub-heading of ‘*‘ Measurement of Velocity.” 
The author there stated that the methods of 
measuring the velocity of the air-jets were three in 
number, namely, the Pitot tube, the measurement 
of the reaction, and measurement of the impact of 
the jetupon a surface of known form. The speaker, 
however, would put forward a plea for the con- 
sideration of a fourth method—viz., in connection 
with the electrical measurement of velocity. Some 
years ago Boussinesq showed theoretically that 
there was a definite relation between the amount 
of energy required to keep a wire a certain 
number of degrees above the temperature of 
the air in a wind, and the velocity of that 
wind. Dr. Kennelly, of the Massachusetts In- 
stitute of Technology, publishing in 1909, was the 
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first, so far as the speaker was aware, to demon- 
strate this theory experimentally. Later on the 
speaker, who was engaged in a series of aeronau- 
tical measurements, was looking round for a rapid 
and accurate method of determining the velocity of 
wind, and, after trying various methods, came to 
the conclusion that the electrical method could be 
a aye with very definite advantage. The first 

ide (Fig. 5) he would throw upon the ecreen would 
show the results of some of his experiments pub- 
lished at the British Association meeting at Dundee, 
1912, giving the connection between the velocity 
and the amount of energy required to keep the 
wire a certain number of degrees above the tem- 
perature of the atmosphere. This slide showed, as 
the speaker had intimated, by means of a curve, that 
when the wind velocity, as measured by the Pitot 
tube, was set out horizontally, then if the equare of 
the watts required to keep the wire at a constant 
number of degrees of temperature above that of 
the air were set out, the result would be an abso- 
lutely straight line; that had been tested for a 
number of temperature elevations—from 43 deg. to 





100 deg. Cent. The curves, which had been plotted 
to different scales, were sufficient to show the linear 
relation between the square of the watts which 
were required to keep the wire at that excess 
temperature and the wind velocity. The curve, 
however, did not strike down to zero exactly, 
for the reason that when the wire was in still air 
a certain number of watts were required to keep it 
at that temperature. That number of watts, how- 
ever, was small, and if subtracted from the total, 
and the square taken, a quantity was obtained 
which was directly ——— to the wind velo- 
city. These tests had only been carried up to 
wind speeds of 40 miles an hour; but there was 
ood reason to believe that the relation would not 

seriously departed from for very much higher 
velocities. 
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Professor King’s anemometer : Details of fork. The 
wire is shown in position over the end of a channel 
of rectangular cross-section, and illustrates the 
guard-ring effect obtained by the use of potential 
terminals fused to the wires. 
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The second slide shown was a reproduction of 
Fig. 10, published on page 180 of ENGINEERING of 
August 8, 1913, and gave the re’ »'+ of experiments 
carried out by the speaker in‘’the aeronautical 
laboratory at London College, in which the 
velocity was measured around a circular rod when 
placed in a 15-miles-per-hour air current. It 
would be seen that the highest velocity indicated 
was rather over 20 miles an hour; the wind was 
blowing vertically downwards. : 

Another slide, reproduced in Fig. 6, illustrated 
a portable ane: - ~>r invented by the speaker, 
shown in use on au East Coast lighthouse, where it 
was tried by permission kindly given from Trinity 
House. The speaker indicated the position of the 
apparatus measuring the wind velocity, as also the 
positions of the battery and the ammeter. He had 
carried the whole of the apparatus with ease on his 
bicycle. re 

n connecti« = with another slide exhibited, the 
speaker stated that since the work which he had 
described was *~blished, Professor L. B. King, 
working at the McGill University, Montreal, had 
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carried the subject further, publishing valuable 
a in the Transactions of the Royal Society in 
1914, and in the Philosophical Magazine, 1915, and 
had devised what he termed a “precision linear 
hot-wire anemometer,” using a set of connections 
familiar to electrical people under the name of the 
**Kelvin bridge.” All that the speaker could say 
about the matter in the time at his disposal was that 
a platinum wire was fixed in the air current where 
the velocity was to be ascertained, and that such 
an electric current was sent through this wire as 
to bring the bridge into balance ; the fourth power 
of the current was then—neglecting certain correc- 
tions--proportional to the velocity of the air. 

The next slide, reproduced in Fig. 7, represented 
Professor King’s anemometer, the speaker indicat- 
ing the wire, which was of platinum, 24 to 3 mils in 
diameter, with two contact-points fused on to it. 
The length between these two contact-points was the 
effective part. Captain Morley might very reason- 
ably say that this piece of apparatus would probably 
not be of any use in his experiments, for two reasons: 
one, that the velocity of his jets was so high [the 
speaker noticed that in some of Captain Morley’s 
jets the velocity of sound in air was exceeded] ; 
and the other, that the apparatus only gave a mean 
value of the velocity over a certain distance. 
Recently, however, Professor King had used wires 
on which the contact-points were 0.4 in. apart, and 
shorter distances could | be employed if need be. 

Another slide showed a photograph of the appa- 
ratus. The wire was at the end ofa fork, exhibited, 
but could not itself be seen on the slide. Professor 
Morris pointed out the ition of a micrometer 
head, by means of which it was possible to advance 
the hot wire through measured distances. 

Another slide showed some of the results which 
Professor King obtained for channels or slits. The 
speaker indicated the section of a slit and the ex- 
perimental points showing the velocities attained. 

The last slide shown by Professor Morris is repro- 
duced in Fig. 8, and illustrated the kind of distribu- 
tion obtained at a distance of 3 mm. (about } in.) 
from a channel whose width was only 0.75 mm. ; that 
was to say, about 0.03 in. This slit was very much 
narrower than the author’s jets, which were about 
5 mm. in diameter (1 in.); therefore the jets would 
represent about seven times the width indicated 
in the diagram shown by slide No. 8. The pre- 
cision shown by the apparatus was so good that 
it was ible to detect’a movement of one- 
thousandth of an inch. A shift of the wire by 
one-thousandth of an inch would be amplys flicient 
to show the change of velocity, and the speaker 
submitted that if the apparatus in question were 
employed, a great deal more information with 
regard to Captain Morley’s jets could be obtained. 
The author had done some exceedingly valuable 
work in his paper, and he (the speaker) knew too 
much about experiments to ask Captain Morley to 
undertake a lot more ; but if others were working 
on the subject, he would certainly suggest that the 
electrical method of measuring velocity was worthy 
of careful consideration. 

Mr. H. M. Martin remarked that there appeared 
to be two matters of prime importance established 
by Captain Morley’s experiments. In the first 
» it would be observed that in all the experi- 
ments made by the latter the weight discharged 
was less than the theoretical. This was quite in 
accord with what would have been anticipated 
from past experiments on superheated steam. In 
all careful experiments e with superheated 
steam the obser-ed discharge had always been less 
than the the-retical, whilst with wet steam the 
discharge had been in excess of what the usual 
theory demanded. 

Experiments on the discharge of steam could, 
the speaker stated, be made with much precision, 
owing to the ease with which the steam could be 
condensed and weighed. As superheated steam 
showed no such anomalies, he had always distrusted 
experiments on air in whith excessive discharges 
have been recorded. It seen, incredible that an 
anomaly of this kind should "be apparent with air 
and yet absent with a much less perfect gas, such 
as superheated steam. Further, the only feasible 
explanation advanced of such excessive discharges 
asserted that rapid expansion of a gas gave rise to 
an abnormal partition of the energies due respec- 
tively to the spin and to the iunear velocity of the 
malecuies. = 

ere this hypothesis true, the speed of sound in 
air should be substantially gtehter than ite theo- 
retical value. No such excess had been observed, 





although, in the case of high notes, the expansion of 
the wave was effected in less than ane of a second. 


Moreover, it had been shown by direct calculation 
that a very abnormal distribution of the linear 
velocities of the molecules of air would be cor- 
rected in less than on as an second, and there was 


every reason to believe that an abnormal distribu- 
tion of spin energies would be corrected in a 
time of much the same order. In fact, anyabnormal 
partition of energy was corrected practically in- 
stantaneously, and could not be responsible for the 
abnormal discharges sometimes recorded with air, 
which must, in the speaker's opinion, be attributed 
wholly to experimental errors. This view was 
strongly supported by Captain Morley’s experi- 
ments. He would add that the coefficient of dis- 
charge found by Captain Morley was in excellent 
agreement with certain experiments of Stodola, 
from which it would appear that the loss of energy 
in the converging throat of a round nozzle was of 
the order of 4 or 5 per cent. 

The second important point to which Mr. Martin 
wished to refer was Captain Morley’s discovery of 
the cause of the discrepancy between the impulse 
and reaction of a jet of air or steam. It has been 
known for a long time that measurements of 
the impulse of a jet showed certain anomalies, 
and the speaker believed that the original dis- 
covery was due to Mr. Gerald Stoney. But, so far 
as he knew, Captain Morley was the first to have 
traced these peculiarities to their source, and this 
discovery was of the greatest interest and import- 
ance. He had found, in short, that the jet was the 
centre of a vortex ring, such as the speaker had 
indicated in the diagram on the wall (see Fig. 1, 
page 73); but Captain Morley had informed him 
that the circulation was far more extensive than 
was there indicated. This vortex originated in 
an entrainment due to the jet, but once estab- 
lished it appeared to be maintained with very 
little further abstraction of energy or momen- 
tum from the jet. This condition, in fact, was 
responsible for the erroneous readings found, since, 
unless the entrained particles kept returning again 
and again, the entrainment would not affect the 
total momentum reaching the pressure - plate. 
Each molecule of air taking part in the circulation 
was at one moment moving towards the plate, and 
at a later point in its path was moving away from 
it. Its momentum had accordingly been reversed. 
That reversal must be due to a pressure, part of 
which was borne by the plate and part by the walls 
of the laboratory. 

It was important to note, however, that a similar 
pressure must also have acted to change the 
momentum of a particle at B to the momentum at 
A, and part of that pressure must have been carried 
by the nozzle, the reaction of which was by so 
much too high. In Captain Morley’s experiments 
the error thus arising was, of course, so small as 
to be negligible ; but where, as in Christlein’s 
experiments, a large nozzle-plate was used, the 
error would be quite comparable with what would 
be experienced with a pressure-plate. Hence, 
unless the eddies were suppressed, a reaction test 
was open toan error of the same kind as an impulse 
test. 

In the case of Dr. Christlein’s experiments, Mr. 
Martin did not think that any large circulation 
could have been established within the confines of 
the apparatus used by the former. In fact, Dr. 
Christlein’s recorded reactions appeared to be too 
small rather than too large, but the arrangements 
made for taking the pressures and temperatures 
of the steam, both] before and after efflux, eeemed 
open to serious criticism. There were some very 
great practical advantages in measuring impulse 
rather than reaction. In particular, in an impulse 
test the whole of the steam connections might be 


rigid. 

With the permission of Captain Sankey, the 
speaker had placed on the wall P drawing (see 
Fig. 2, page 72) showing a proposal for measuring 
the impulse of a jet which had been discussed by 
the Nozzles Committee. The plan, it should be 
added, was submitted and discussed before any of 
the committee had knowledge of cn am Morley’s 
results. Nevertheless, the one conclusion arrived 
at was that every effort must be made to suppress 
eddies, if reliable results were to be attained. 

As shown in the diagram, the steam entered near 
the top, and on its way to the nozzles 
through screens of wire gauze, intended to take out 
the eddies. After pass‘ng the screens it flowed to 





the nozzles at a low velocity, so that its pressure 
and temperature could be measured with certainty. 
On issuing from the nozzle, the jet struck the pres- 
sure-plate shown, and was deflected by it into an 
exhaust belt, which communicated with a con- 
denser. The pressure-plate was surmounted by the 
cage described by Captain Sankey, consisting of a 
series of flat rings, spaced a short distance apart, 
and the top of the cage was closed by a plate which 
fitted the nozzle-box pretty closely, but without 
touching it From Gaptain Morley’s report, it 
appeared that this cage alone eliminated three- 
fourths of the error, but additional precautions 
were provided in the apparatus, which the speaker 
thought would abolish the residue. 

Thus the exhaust-chamber outside the cage was 
lined with many turns of galvanised wire-netting. 
It did not seem likely that in these conditions any 
important circulation could be set up, but it was 
further intended to provide means for varying the 
distance between the nozzle and plate whilst the 
jet was at work. This could be done very simply, 
and, if the precautions taken were effective, a 
variation in the spacing between jet and nozzle 
should have no effect on the impulse recorded. The 
pin supporting the pressure-plate passed through 
a bush, which was kept in steady rotation, so as to 
practically eliminate frictional resistance. 

An alternative method of getting rid of the 
error due to the establishment of a circulation 
had occurred to Mr. Martin since reading Captain 
Morley’s paper. It is represented in Fig. 9, 
annexed, ere the nozzle entered an inverted 











cylinder, to which it was firmly secured. The lower 
edge of the cylinder was brought down close to 
the pressure - plate. Under these conditions it 
seemed likely that there would be no room for 
any extensive circulation to be established. 

Mr. W. H. Patchell, Member of Council, referred 
to a remark by the author to the effect that he was 
unaware whether turbines driven by compressed 
air had ever been employed. In this connection 
the speaker wondered whether Mr. Ferranti had 
had Captain Morley’s paper brought under his 
notice. The speaker had, unfortunately, not 
seen the paper in time to submit that gentle- 
man’s name to the Secretary; but he believed 
that Mr. Ferranti had done a good deal of 
work in the direction just referred to, and it 
might be an advantage if he were asked to con- 
tribute something to the discussion. The author 
had suggested that, in place of yy g 
engines or motors, air-turbines might used, 
where power was transmitted by compressed air, 
and in the same paragraph had referred to the pro- 
pulsion of a torpedo by air. That, the speaker said, 
was not exactly the same thing as was generally 
understood by “‘ transmission of power by com- 
pressed air ;” he understood a torpedo to havea 
vessel of compressed air which it took along with 
it. Mr. Sam Mavor had read, before the Institu- 
tion of Mining Engineers, about a year ago, a 
paper on the efticiency of comp -air machines, 
which indicated at different stages the losses of 
efficiency, and it appeared that these losses were 
not by any means restricted to the actual machine 
or motor. In the speaker’s opinion it was neces- 
sary to look a g deal further afield than the 
actual motor, in considering the efficiency of com- 


pressed air. 

Captain Morley then replied to the discussion. 
In connection with Captain Sankey’s remark that 
he was not quite sure as to the frictionless character 
of the reaction apparatus as applied to steam, the 
speaker would say that when he designed his 
apparatus he was unaware that steam experiments 
were in prospect ; he had designed the apparatus 
to suit his own case. He quite appreciated the 
difficulty of using the reaction apparatus for steam, 
but, as in many other cases, a compromise had 
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to be achieved. It was possible that the cage 
arrangement might yet be modified to give cer- 
tainty of results. He had himself made one sug- 
gestion in his remarks on the sketch, when he 
stated his belief that the upward velocity of the 
air, shown at the left-hand corner, might be done 
away with by enlarging the bottom plate. The 
question was one of obtaining certainty of results 
with an inconvenient apparatus, or having uncer- 
tainty with an apparatus that was more convenient. 
With regard to the lag of the thermometers, 
it would be seen, on reference to Fig. 6 in the 
paper, that the total time of experiment was about 
nine minutes, and he did not consider that a lag 
of half a second, mentioned by Captain Sankey, 





would be very serious in such a slowly-changing | 


pressure. 
the wire frame gave the mean temperature. 
point had given the speaker serious thought, and 
he would not say that the wire frame did give 
the mean, although he considered it to give some- 
thing tolerably near the mean. When the ex- 
periments were initiated he had in view a number 
of schemes for putting thermo-couples at different 
points for circulating air in the receiver ; but all 
the schemes would have involved great practical 
and experimental difficulties, and having regard 
to the nature of the results obtained, he felt 
justified in assuming that the temperatures were 
tolerably near the mean ; he obtained just the same 
temperature at the point D as he had at the large 
opening. The question of temperature was not very 
serious, since, in the calculations, it was the abso- 
lute temperature that was considered, and it was 
only a matter of 2 deg. variation as compared with 
520 deg., or thereabouts. In reply to Captain 
Sankey’s question relative to the measurement of 
the volume of the chamber by water, any quantity 
of water adhering to the walls was quite inconsider- 
able compared with the total volume concerned. 
The speaker admitted that a correction was needed 
in regard to errors in area A ; that those errors did 
not affect the discharge was true as applied to 
equation No. 2, where it would be seen that the 
discharge did not introduce any factor involving 
the area. If the discharge was to be obtained 
from the coefficient of the area, of course Captain 
Sankey was right in saying that there was an 
error. Captain Sankey had further stated that in 
the impact experiments the pressure was falling, 
and that he (the speaker) had had to get a flying 
shot at the pressure. He (the speaker) should have 
mentioned that the air-pump supplying the receiver 
was kept going during the impact experiments, but 
was not able to fill the receiver as quickly as the 
nozzle emptied it; it was, however, sufficient to 
make the drop of pressure very much slower than 
that shown in Fig 6, and to dispose of any real 
difficulty. He had been much interested in the 
slides shown by Professor Morris, and in the 
remarks with which they were accompanied, but 
he did not think they called for special comment. 
The speaker had been quite unaware of the 


Captain Sankey had inquired whether | 
That | 
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method of measuring velocities which Professor 


of the plant necessary for producing shells, and 


Morris advocated, but it seemed one that was|the number of operations and high degree of accu- 


capable of very good work. Mr. H. M. Martin had 
referred to the errors produced in reaction experi- 
ments in the case in which the nozzle blank was 
large ; the speaker was certain that those errors did 
not apply in his own case. He had tried, in some 
instances, filing away the nozzle blank, but without: 
any change in the result. He, moreover, did not 
think even a large nozzle - box would have a 
serious effect, inasmuch as he had tried putting 
on, in a certain position, a flat plate with 
a hole in it, so that any air circulating in 


that direction would have a considerable area to | 





racy involved in their manufacture. As has been 
time and again pointed out, unskilled labour or 
partially-skilled Jabour is utilisable, and is now 
being employed in increasing measure in most 
of the operations ; this fact suggested that the 
processes were simple, alike as regards the extent 
of mechanical appliances and the degree of intelli- 
gence necessary on the part of workers. But this 
is one of those cases where the excellence of the 
machine in its mechanical accuracy and complete- 
ness supersedes experience and mechanical skill on 
the part of the operative. As we had not contem- 


impinge against, but there was no appreciable | plated war, and, so far as the Army was con- 


difference in the result. 
mentioned by Mr. Martin appeared to the speaker 
open to the objection that it was hard to tell the 


position of the nozzle; that was to say, whether | 


the nozzle was not one of very special form, the 
edge of the bell being really the exit of the nozzle. 
This militated against certainty of result. 

The President then announced that the next 
meeting of the Institution would be the annual 
general meeting, and would be held on Friday, 
February 18, at 6 p.m. 

The proceedings then terminated. 





ONE OF THE NEW BRITISH PROJEC- 
TILE-MAKING FACTORIES 

A LarRcE part of the feeling of disquietude—not 

yet entirely at an end—in connection with the 

production of a sufficient supply of shell—shrapnel 

and high-explosive—has been due to an inadequate 

knowledge on the part of laymen as to the extent 





The last form of cage|cerned, were ill-prepared to meet the drain of 


warlike operations, it followed that before the 
production of shells on a sufficiently immense scale 
could be undertaken the factories had to be orga- 
nised, or constructed anew, and equipped with the 
most efficient appliances, so arranged as to ensure 
the greatest output for the minimum manual effort. 
When it was realised that the tactics in the field 
demanded « domination of artillery over infantry 
or cavalry action, the problem which faced the 
authorities was the question not only of increasing 
the emergency supply by almost superhuman effort 
on the part of the workers available, but also so to 
augment the producing facilities of the country as 
to make certain that the immense flow of shells 
from the muzzles of all the guns in action could 
be maintained at its maximum volume over a 
lengthened period. 

The argument was used that even little machine- 
shops should be re-arranged to make shells, or at 
least to execute one or the other of the many 
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operations which constitute the long line of manu- 
facturing processes. It was ultimately realised, 
however, that with the manual resources of the 
country taxed to the fullest degree, the transport 
of shells over great distances, along what we have 
called the ‘‘long line of manufacturing processes,” 
was wasteful in the extreme, and we have known 
of cases where shells have had to travel miles 
between the forging and the finished machining. 
In well-organised works 300 yards suffice. The 
authorities therefore acted wisely in deciding that 
while extraordinary measures, however inefficient, 
might be justified to meet immediate emergency, 
the preferable course was to arrange for the rapid 
completion of immense new factories, where the 
transport would be minimised and the organisation 
and equipment would be such as to achieve the 
greatest production with the smallest possible 
number of men of military age. 

We are able this week to publish, on Plates 
IV., V., Vi., VII. and VIII., on the opposite 
and present pages, and on page 78, a series of 
illustrations of one of these new machine-shops. 
Without entering into the details of manufac- 
ture, which might be helpful to the enemy, it is 

ible to convey even to the lay mind such an 
idea of the energy and enterprise shown in the 
bringing into action of such a shop as to dispel a 
large proportion of the misunderstanding and 
criticism, due to incomplete knowledge, regarding 
the action of the authorities in meeting the demand 
for shells. 

The shop illustrated, which embraces 10 acres 
under the glass roof, is one of many now in full 
operation, turning out thousands of shells per day. 
Others are being as rapidly brought to the same state 
of efficient production. Six months prior to the 
taking of some of the photographs which we repro- 
duce, the site of this immense shop was used as a 
coal and iron store, and the first operation was the 
clearing away of between 5000 and 6000 tons of 
such materials. The ground had to be levelled 
and the foundations put in, and there was then 
erected, as our illustrations show, a steel building, 
which in its completeness and permanence equals 
anything yet done. Moreover, the admirable 
details of the design, notably for supporting cranes 
and for carrying the lines of shafting for the 
machine-tools, will easily be appreciated by a close 
examination of the photographs. There are nine 
bays of an average length of 370 ft., with a total 
floor space of 196,600 sq. ft. 





arranged as press-shops for the forging from bars 
into shell cylinders, either of the shrapnel or high- 
explosive type, ranging in diameter from the 
smallest to the largest required. The smaller 
shells are machined in an upper floor over one end 
of the machine bays, the larger shells in the re- 
maining bays, and railway tracks are laid for the 
movement of the shells to the bays fitted with the 
machine-tools for undertaking the rey 3 opera- 
tions. Rapidity of output is facilitated by each 
machine being confined not only to one diameter 
of shell, but to one separate operation, so that the 
minimum of time is involved in the setting of the 
lathe, while the machinist, when initiated into the 
carrying out of this one operation, becomes very 
expert, and requires only the slightest super- 
vision. 

Figs. 1 and 2, on page 76, are external views of 
vhis new shell factory. In the latter there is seen 
the power-station, with the hydraulic accumulators 
forming a prominent feature. The principal unit 
is the installation of pumps for supplying pressure 
water to the presses for forging the bars into shell- 
cylinders. A view of the pumps is given in Fig. 3, 
annexed. There are nine of these, each working 
up to 1500 lb. pressure per sq. in. They are steam- 
driven, and the aggregate power develo under 
ordinary working conditions is about horse- 
power. These pumps deliver to two accumulators, 
26 in. in diameter by 20 ft. stroke, and the supply 
of pressure water is controlled by electrical and 
mechanical devices, which come into action as the 
accumulator approaches the top of its stroke. © For 
hydraulic pressures of 4480 lb. per sq. in. there 
are three horizontal pumps, developing 510 horse- 
power, delivering into a pair of accumulators, 15 in. 
in diameter by 16 ft. 6 in. stroke, and similarly con- 
trolled. Steam is supplied by four water-tube and 
five Lancashire boilers, all fitted with mechanical 
stokers. Two of the water-tube boilers are of the 
Stirling type, and two of the Babcock and Wilcox 
design, all fitted with chain-grate stokere and 
induced-draught fans. The boilers are ee 
with water from the town supply by vertical feed 

umps. Electric and eg power is supplied 
rom a separate central station. 

The raw material is brought to the wey in bars 
of suitable diameter, and stored in racks for ready 
use. Adjoining these are the parting-machines to 
cut the bars into the required lengths for the 
manufacture of single shells. The furnaces for 


Two of them are | heating these are distributed along the two press- 





shops, contiguous to the presses, and illustrated in 
the views in Figs. 5 and 6, on Plate IV. The 
presses range in power from 160 tons for small 
shells to. others of 2500 tons for the largest. 


Hydraulic pressure is maintained at two levels— 
1500 lb. 4480 Ib. per.sq. in., according to the 
size of the ese are arranged with two 


dies, so that the shell is forged at two operations. 
In the larger of the presses, one of which is illus- 
trated separately with its furnace in Fig. 7, on 
Plate V., the dies are accommodated on hydraulic- 
ally-actuated carriages, which move one or other of 
them under the forging tool. The shell cylinder, 
after being forged, travels-across the several bays, 
as each of these are arran to deal with one or 
two sizes of shell only. . 8,.0on Plate V., and 
Fig. 9, on Plate VI., illustrate ‘the bays given up 
to the machining of lange shells, and Fig. 10, on 
Plate VI., the shop for the work on medium-sized 
shells. It is not necessary to describe in detail 
the machines used for rough and finish turning, 
external and internal. The end is coned, when 
cold, in a special press, and the preparation of the 
end for the accommodation of the fuse is done in 
screwing-machines. Fig. 11, on Plate VII., shows, 
to the right, the machines used for pressing the 
copper bands on large shells. Fig. 12, on Plate 
vit. shows the washing and varnishing depart- 
ment for small shells. Of course, at various stages 
of the manufacture the shells are carefully gauged, 
and Figs. 13 and 14, on Plate VII., show the 
departments where the final assembling and the 
inspection of the small shells is carried out. 
Figs. 15 and 16, on Plate VIII., show the inspec- 
tion department for large shells. 

In order to convey an idea, especially to the lay- 
man, of the advantage of concentrating shell manu- 
facture in .such establishments, some idea 
mA be given regarding the extent of the work on 

shell, and the direction in which labour and 

time can be saved. In the case of the small shells, 
the press operations number seven, and the 
machining operations—done entirely by female 
labour—17, up to and including the fixing on of 
the copper band to conform to the rifling of the 
gun. & the process of filling there are 21 opera- 
tions in the case of shrapnel shell. This does not 
include the making and fitting of the fuse and the 
filling-in of the explosive contents ; these operations 
number forty-five. Thus from beginning to end 
there are nearly one hundred operations, and each 
shell may pass through the hands of one hundred 
workers. But although there is an immense multi- 
plicity of tools suitable for each operation, the 
shell, from the time it enters the shop as a bar until 
it leaves ready to be put into the breech of a gun, 
travels only 400 yards. Here, in itself, is a justi- 
fication for the aggregation in one building of the 
lant to complete the whole process of manufacture. 

e same helds to an even greater extent with the 
heavier shells. 

Similar notes may be given, largely for the 
benefit of the inexpert, with regard, say, to the 
medium-sized high-explosive shell. In this case 
a large part of the work is done by partially-skilled 
labour. In the press-shop there are eight opera- 
tions ; the shell- on then transferred to another 
bay, where it is machined, the operations number- 
ing twenty-two, from the rough turning to the 
fitting of the copper band, after which the shells 
are screwed at the nose and a brass bush is fitted. 
The shells are finally gauged all over and taken 
to the scales to be weighed ; the margin for more 
or less weight than the standard is exceedingly 
small. Before the brass bush is finally fitted, the 
shells are transferred to the washing department, 
where a are dipped into tanks containing hot 
caustic soda, to remove grease and dirt from the 
inside surface. They are next immersed in hot 
clean water, and subsequently allowed to dry 
After this, they are coated internally with co 
varnish and then transferred to gas-stoves having 
a temperature of about 300 deg. Fahr., in order 
that the varnish may be dried effectively. Finally, 
the copper band is fitted in position in a press and 
a brass bush screwed in position. The shell is 
then ready to be filled with explosive and fitted 
with a fuse. Similar processes are carried out in 
connection with even the largest of the high explo- 
sive shells. 

An essential to rapid work is the provision of a 
sufficient number of cranes. The enormous amount 
of work to be dealt with in the factory illustrated 
may be appreciated from the fact that there are no 
fewer than twenty-nine electric overhead travelling- 
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cranes, twenty-eight of these having a lifting capa- 
city of 2 tons, and one of 5 tons, for handling the 
heavy parts of the presses. All the cranes are of 
the three-motor type, and have lifting speeds of 
25 ft. per minute, cross-traverse of 100 ft. per 
minute, and longitudinal travel of 275 ft. per 
minute. Each crane is controlled from a cage 
suspended under the crane-girders, from which 
the operator has an uninterrupted view of the 
shop floor which he is serving. In addition to 
these cranes, jib-cranes are installed for handling 
the large billets from the furnaces to the presses. 
As Fig. 4, on page 78, shows, the small shells 
are fare, Ai entirely by female workers. In 
the shop illustrated there are 1800 of them, all 
imbued with the spirit of serving in emergency 
in the interests of the nation. Indeed, if in 
any day the output is a little down, a gentle 
appeal from the manager is enough to reawaken 
e workers to the needs of the Army. A girl 
commencing in the de ent is able to work 
a machine after three days’ teaching, and becomes 
quite an eflicient machine-worker after seven days, 
while at the end of two months’ experience she 
attains the highest efficiency. As a rule, one 
skilled worker can supervise and set the machines 
for twelve of the female operatives. The work 
is well done. The accuracy to which the work has 
to be completed is ,,45 part of an inch, and 
it says much for the care taken that not more 
than 1 per cent. of the shells made are rejected. 
We do not propose to describe the various tools 
used, as they are all more or less of standard 
type. Nor is it desirable, in the national 
interest, to say more of the processes. But to 
promote the education of the general public, it 
may be said that in the manufacture of the 3-in. 
shell the cutting tools of the successive machines 
travel over 1000 ft., and the average speed is 55 ft. 
per minute. It is not, therefore, in the actual 





machine that time is required, but in the move- 
ment of the shell from point to point, so that it is 
in the highest degree important to have the 
machines for the successive operations as close to 
each other as space will admit, and not to have 
them in different factories. It need scarcely be 
said that the women workers are specially circum- 
stanced so far as dining-rooms and cloak-room 
facilities are concerned. The 24 hours are divided 
into three equal portions, so that the female 
workers are only eight hours at work, but the 
machines are kept going for the full 24 hours. 
Under the matrons they work enthusiastically, and 
earn large wages on the premium-bonus system, 
while absent time is rarely over 2 per cent. of the 
total for each week. 

This general description of one of the many new 
shell factories brought into complete operation 
within six months, or at most eight months, of the 
clearing of the ground, goes some way to prove that 
however unprepared we were for a t Euro 
war, the authorities have not been idle in making 
a thoroughly adequate arrangement for ensuring 
that the fullest possible demands of the Army shall 
be met, and the requirements will be continuously 
supplied in full measure. At the same time great 
help is being given to our Allies in supplies of ammu- 
nition. The one need is for the supply not only of 
unskilled and partially-skilled men and of women, 
but also of skilled workers to supervise the opera- 
tions of the others. There has been difficulty in 
securing an adequacy of experts for the running of 
these factories ; but this is now being met, and as 
the trade unionists are taking a wider view and more 
satisfactory attitude with regard to the national 
needs, the people of the country may rest assured 
that in the immediate future the supply of shells, 
if not of all ammunition, for the prosecution of 
the war to a successful end will be continuously 
abundant, and also that it will be secured at 
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a highly reasonable expenditure. The views on 
Plate VIII., showing shells ready for despatch—an 
ever-recurring view—is a tribute to, as well as 
evidence of, the energy of the Minister of Muni- 
tions. 








INDUSTRIAL NOTES. 


DEALING in Parliament on Friday last, the 21st inst., 
with the question of Dilution of Labour, the Prime 
Minister stated that the Government had given this 
matter the most careful and anxious consideration. 
They were convinced, after taking into account all 
other methods of increasing the available supply of 
labour for munition work, that the adoption of dilu- 
tion—i.e., the employment during the war period of 
semi-skilled and unskilled and female labour on any 
class of work upon which it can be usefully employed, 
so as to set free skilled workmen for the work which 
they alone can perform—offered the only prospect of 
securing a sufficient supply of munitions to enable the 
war to be brought to a speedy and successful conclu- 
sion. It was quite impossible for foreign supplies to 
take the place of home production of munitions, since 
even if these sources of supply could be indefinitel 
expanded, the im d ds thereby entailed, 
both on our ‘financial resources and on our shipping, 
would present insuperable difficulties. 

The necessities of the war had been pointed out both 
to the owners of controlled establishments and to the 
representatives of the great trade unions, and they had 
loyally pledged themselves to support the Government 
in the scheme of labour dilution, the necessity for 
which had arisen from the national requirements, and 
not from any demand by employers. Guarantees as to 
the nature and temporary character of the changes had 
already been given, and considerable progress had 
already been made in certain districts to give effect to 
the policy indicated; but he regretted tosay that what 
had hitherto been accomplished fell lamentably short 
of the national requirements in the present emergency. 

The Government accordingly proposed to take steps 
to bring about this dilution o tour wherever needed, 
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in accordance with the necessities of the situation and 
on the conditions laid down, after t with the 
resentatives of the workmen, in the Munitions of 
War Act as amended, without further delay. They 
were issuing instructions to controlled establishments 
to secure this where this had not been done, and they 
were sending special representatives to the most im- 
portant districts to assist in giving effect to their policy. 
He relied confidently on the support, both of 
employers and of workmen, in a matter which was 
vital to the successful prosecution of the war. 





With reference to the Prime Minister’s announce- 
ment, given above, His Majesty’s Government have 
appointed Commissioners to visit the Clyde and Tyne 
districts for the _—- of applying and carrying 
into immediate effect the policy of the Government in 
this matter. The names of the Commissioners ap- 

inted for the Clyde district are as follows :—Mr. 
oleh Macassey, K.C. (chairman), Sir Thomas 

unro, and Mr. Isaac Mitchell. 

Mr. Macassey has undertaken a large number of the 
arbitrations for the Government in industrial disputes 
both under the Conciliation Act and under the Muni- 
tions of War Act. Recently he was associated with 
Lord Balfour of Burleigh as a Special Commissioner 
to inquire into differences affecting munition workers 
in the Clyde district. He has had practical experi- 
ence in enginoering workshops. Sir Thomas Munro 
is a well-known public man in the Clyde area. He is 
the County Clerk of Lanarkshire, and holds other 
public appointments in the county. Mr. Mitchell is 
Assistant Industrial Commissioner in the Board of 
Trade, and has assisted the Chief Industrial Commis- 
sioner, Sir George Askwith, in conciliation and arbi- 
tration in labour disputes. Mr. Mitchell was a work- 
ing engineer, and subsequently held many positions 
in the trade-union world, including that of secretary 
to the General Federation of Trade Unions. 





The names of the Commissioners for the Tyne district 
are as follows :—Sir George ay Marks, M.P. 
(chairman); the Right Hon. G. N. Barnes, M.P.; 
Mr. David James Shackleton. 


Sir George Croydon Marks, the chairman, has had The 


an extensive acquaintance with engineering in all its 
branches. He was himself an apprentice as an engi- 
neer in Woolwich Arsenal, and through the 
workshops and drawing-office, and subsequently filled 
various responsible positions with engineering firms in 
London and the provinces. Mr. David Shackleton is 
an Insurance Commissioner. He was President of the 
Trades Union Congress in 1908 and 1909; Chairman 
of the National A Party, 1905 ; and Member of 
Parliament for the Clitheroe Division, Lancashire, 
from 1902 to 1910. He has been a member of various 
Royal Commissions, and was Labour Adviser to the 
Home Office before he was appointed an Insurance 
Commissioner. He has had life-long association with 
Labour questions. The Right Hon. George N. Barnes 
is Member for the Blackfriars Division of Glasgow. 
He was general secretary of the Amalgamated Society 
of Engineers for ten years, and he has acted as a 
member of various Parliamentary Commissions. 





At the request of the Minister of Munitions, Sir 
Maurice Levy, M.P., has undertaken important duties 
in the Ministry, jicularly in connection with the 
improvement of time-keeping in munition factories. 





Munitions are being made ly on piecework in 
American shops, says the American Machinist, New 
York. Men with little or no mechanical skill 
are being employed on this work. The processes, 
methods, and tools are, as a rule, highly devel ‘ 
and individual operations greatly simplified. There 
is a tremendous pressure on everybody to get out 
& maximum output for each working-day. —— 
of the men en are earning more money eac 
week than they would get in three, or four, or even 
five weeks. The wise men keep down their oe 
expenses to a point close to the normal, and buil 
up a bank account against the coming ‘‘ rainy day,” 
or for use later on in some long-dreamed-of busi- 
ness venture. No one can tell how long the pre- 
sent piecework prices will hold, but the end will 
come some time; then wages in machine-shops will 
go back to their normal level, and living will have 
to go back to a scale in keeping with the current 
wages for each locality. many an American 
machine-shop workmen are now earning far more per 
week than the foreman who is directing them. Some 
grumbling is heard ; perhaps some of it is justified. 
in fact, it seems very A ves =! to ask if some bonus 
scheme should not be adopted whereby the foremen 
will profit in proportion to the added responsibility, 
increased hours, and additional amount of proft being 
earned by their departments. But whenever the fore- 
man’s position is considered, it should be remembered 
that this and his wages are reasonabl nt, 
whilst the large present-day earnings of his men are 
temporary. 





The outbreak of warin August, 1914, says the Board 
of Trade Labour Gazette, caused t temporary dis- 
location of ind , which was not entirely overcome 
until November of that year ; but b January, 1915, 
the eat of unemployment fallen to a very 
low level, largely owing to work required directly or 
indirectly for the Government ; oat the 
fell almost uninterruptedly th t the , until 
the lowest figure ever recorded by the department 
(0.6 per cent.) occurred in November and December. 

The total number of workpeople who were reported, 
in 1915, to the Labour Department as having received 
war bonuses or increased rates of wages in the indus- 
tries for which statistics are available was 3,165,000, 
and the total amount of inerease in the wages of these 
workpeople was over 603,000/. per week, an average 
of about 3s. 10d. per head. 

The changes in hours of labour reported as taking 
effect in 1915 affected 13,657 workpeople. Practically 
all of these obtained a reduction in hours, the net 
weekly effect being a decrease of 34,221 hours per 
week. These figures relate to changes in the hours of 
labour in a normal week, exclusive of overtime worked. 

The general level of wholesale prices during 1915 
was higher than in 1914 by about 22) per cent. In 
1914, however, there was a marked discontinuity in 
the mov t of wholesale prices consequent on the 
outbreak of war, and comparing 1915 with the pre-war 
months of 1914 (January to July) the increase is 
264 per cent., and compared with the war period of 
1914 (August to Dessnthess the increase is about 17} 
per cent. 

The following table shows the percentage increases 
in retail prices of food, as compared with the prices of 
July, 1914, at the beginning of each month of 1915 :— 





Per Cent. Per Cent. 
sopeney bow i = —_ 324 
ebruary 2 ugust ... 34 
March ... . 24 September 35 
— 24 October ... 40 
y 26 November 41 
June 32 December 44 


Dealing with the iron and steel trade in 1915, 
Tron Age says that at the close of the year the 
production of iron and steel was at a rate far in excess 
of previous attainments in the history of the United 
States. It is believed, adds our contemporary, that 
the output of steel ingots is closely approaching 
the 40,000,000-tcon rate per annum, which authorities 
in the trade had estimated some years ago might be 
reached by 1920. Every available steel plant, rolling- 
mill, and blast-furnace was in active operation, with 
sufficient orders booked to ensure running to full capa- 
city far into the summer, and with consumers en- 
deavouring to place contracts for even more distant 
delivery. The trade has had previous experiences of 

t activity and insatiable demand, but never before 

been seen anything approaching the conditions 
existing at the close of 1915. 





The fifteenth Financial and Economic Annual of 
Japan, recently issued by the Department of Finance, 
To yo, gives the following interesting figures for the 
year ended on June 30, 1913 :—The mine employees 
in metalliferous mines numbered 79,479, those in 
collieries numbered 172,446, and those in non-metalli- 
ferous mines numbered 10,238, or a total of 262,163 


operatives, who worked a total number of 67,479,882 af 


days. Of the other classes of operatives, by far the 
greater number are ae in textile factories, the 
figures for 1913 being : 71,144 males, 468,929 females, 
total, 540,073; then follow the machine and tool 
factories, including shipbuilding and metallurgical 
works, with 88,245 males, 4994 females, total, 93. ; 
chemical works, employing 54,930 males, 25,240 
females, total, 80,170; food and drink factories, em- 
ploying 35,856 males, 7274 females, total, 43,130 ; 
miscellaneous factories, pa printing and pub- 
lishing, wood and bamboo work, employing 47,634 
males, 25,574 females, total, 73,208; and special 
industries, employing 77,787 males, 8645 females, 
total, 86,432. e total for all trades is 375,596 
males, 540,656 females, tota], 916,252. The followin 
daily wages for 1913 are gathered from a detai 
table contained in the Annual, taking the yen at 2s. : 
—Carpenter, 1s. 9d.; plasterer, Is. lld.; stone- 
cutter, 2s. ; bricklayer, 2s. 2d. ; shipwright, Is. 11d.; 
founder, Is. 5d.; blacksmith, Is. 5d. ; compositor, 
ls. 2d. Taking the average wages reported in 1900 
at 100, the following are the index numbers of several 
wages paid in 1913:—Carpenter, 163; plasterer, 
172.2; stone-cutter, 165.6; brickleyer, 173; ship- 
wright, 166.1 ; founder, 155.3; blackemith, 152.1 ; 
compositor, 165.7. 





Bripces ror THE Feperatep Maxay Srares Rait- 
ways.—It is understood, says The 7 


T , that the contract for fourteen bridges, rangi 
from 20m. to 60 m. (65 ft. to 196 ft.) span for the Fede- 
rated Malay States Railways has recently been awarded 


to the Cleveland Building and Engineering Company, 
Limited, Darlington. 


tage can be obtained from the Commercial Intelli 


lessees, and they are being erected as 
China | It has recently been decided that town-planning 





COLONIAL AND FOREIGN ENGINEERING 
PROJECTS 


‘ We give below a phn ag | oo 1 pag om and 
engineeri en from Board of 
Trade Journal. Farther information on these peevoate 
Board of Trade, 73, Basinghall-street, E.O, 
Canada : According to telegraphic information re- 
ceived on January 14, at the office of the High Commis- 
sioner in London for Canada, from the Minister of the 
Interior at Ottawa, the British Columbia Manufacturers’ 
Association is about to form a joint stock company to 
carry on shipbuilding. It is proposed to construct fifteen 
— immediately at shipyards in Vancouver, Victoria 
Prince Rupert. . Trade Commissioner in 
Canada also reports that tenders will be received by the 
Chairman, Board of Control, City Hall, Toronto, up to 
noon on February 1, for the supply and delivery of street 
cars ; bodies, trucks, motor equipment, air- e equip- 
ment and fare-boxes for street cars ; also copper cables 
for street-car work. 


Australia: The New South Wales Government Gazette 
notifies that tenders are invited by the New South Wales 
Government Railways and Tramways Department for 
the supply and erection of a 2500-kw. turbo-alternator for 
the 7 - street Power House, Newcastle, N.S.W. 
(Specification No. 470.) Copies of the specification, con- 
ditions and form of tender may be obtained from the 
office of the Electrical ineer, New South Wales 
Government Railways ers 61, Hunter- 
street, Sydney, oar of 14. Tenders, made out on 
the proper form, be received by the Chief Commis- 
sioner for Railways and Tramways, Philip-street, Sydney, 
N.S.W., up to noon on May 3. The Gazette aleo pub. 
lishes an official notice au ising the construction of 
two sections of the Wyalong-Lake lico Railway, 
representing a total distance of about 28 miles. 


Hl ipa Paseo ee the | j 4 4 
princi ‘unctions o' unjal tof Agri- 
culture is the introduction to farmers of modern oan. 
cultural implements. In the year ended June 30 last, 
the department gave demonstrations of the use of these 
implements at eighteen faire. These demonstrations 

metimes resul 


— i aoe So 0 Eamnedints eale cf ingtimnents, 
and, in any event, did great good by exciting general 
interest in them. The lending of im to 8s chested 


cultivators has become a practice with this department, 
and some 300 implements of various kinds are now out 
sated te ‘the dopartmen wy Ek hes pd 
m y t have in ity. 
The average number of implements sold b the de x. 
ment during each of the five years ended June 30, 1910- 
14, was ; but in the year ended June 30, 1915, the 
number sold was 975, A shortage of these implements, 
particularly of ploughs, is anticipated. Experiments in 
well-irrigation, it is stated, have been — pe ge by 
the difficulty in obtaining the necessary plant and mate- 
rial owing to the war. 


Argentina : The Boletin Oficial, Buenos Aires, publishes 
a Decree authorising the Argentine State Seiwa 
Administration to construct a section of the projected 
Milagro-San Luis line—viz., between the station of 
Milagro, on the Northern Argentine Railway, and the 
town of Quines, a distance of 50 km. (about 31 miles). 





Tue Royat Sooty or Arts ALBERT MxEpAL.—In 
the absence of the President of the Society, H.R.H. the 
Duke of Connaught and Strathearn, K.G., Dr. Dugald 
Clerk, F.R.S., Chairman of the Council, jast Monday 

ternoon, at a meeting of the Council, presented the 
Society’s Albert Medal to Professor Sir Joseph John 
Thomson, O.M., D.Sc., LL.D., F.R.S., “for his re- 
searches in chemistry and physics, and their application 
to the advancement of arte, manufactures, and commerce.” 
The Society’s Albert Medal was founded in 1863 as a 
memorial of H.R.H. the Prince Consort, and is awarded 
annually “for distinguished merit in promoting arts, 
manufactures, and commerce.” 





DonoastEer.—In uence of the growing develop- 
ment of the coal-mining industry in the neighbourhood 
of Doncaster, the Doncaster Rural District Council is 
proceeding with sundry town-planning echemes to meet 
the requirements of a rapidly-growing population. One 
of the difficulties in the way is the low-lying character of 
Dou havis yy H- the tye yf he 

uring past month. ittle 
land north and a5 4t above 
rains is 


very it, 80 that the problem of adequate is 
an y difficultone. In the Askern area, which 
has been already planned for additional acres 


houses, 2436 
out of 5170 acres are lees than 20 ft. above sea-level, 
and regulations have ae been drafted, and are 
receiving the consideration of the Local Government 
with a view to preventing the use of this low-lying 
land for the erection of houses. It may, however, 
utilised for industrial buildings. Houses at Askern and 


be continued by the Rural District staff, the 
urban a gy of the cost. Sir Arthur 

M.P., has introduced a building scheme at 
Owston ; but here, as at Askern, the drainage difficulty is 
& serious one. 
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ELECTRIFICATION OF THE MANCHESTER 
TO BURY SECTION OF THE LANCASHIRE 
AND YORKSHIRE RAILWAY. 

(Concluded from page 58.) 
Ro.uine-Srock. 

Tue electric trains for this service have been built at 
the company’s carri and wagon works at Newton 
Heath, and consist of either two, three, four, or five 
bogie-cars, according to the requirements of traffic, but 
the standard train will have five cars, the front, centre 
and rear vehicles being third-class motor-cars, and the 
intermediate vehicles first and third-class trailer cars. A 
feature of the design is that the driving compartment for 
the accommodation of the driver is at each end of all cars, 
which enables the trains to be made up to any accommo- 
dation required with the minimum of shunting opera- 
tions, time being of the utmost importance on an eleetric 
service. 

The illustrations which we give on Plates IX., X., 
and XI., published with the present issue, together with 
those given on the present and opposite pages and on 

84, will give a good idea of this rolling-stock. On 

Pinte IX., in Figs. 43 to 49, are shown the details of a 

motor-car underfraine, while Figs. 50 to 56, on Plate X., 

give various views cf the motorman’s and the high- 

tension compartments, and a a lan of the car will 

be found in Fig. 66, on page 81. On Plate XI., in Fig. 57, 

is given a view of the underside of a motor-car, showing 

the arrangement of brake-cylinders and resistances, while 

Fig. 58 shows the ends of a pair of coupled cars, and illus- 

trates the arrangement of couplers, vestibules, and cable- 

couplers. Figs. 59 and 60, on the same plate, are respec- 
tively exterior and interior views of a third-class motor- 
car, while the interior of a first-class trailer-car is shown 

in Fig. 61. On page 84 the illustrations (Figs. 67 and 68) 

refer to a third-class trailer-car, being tively a part 

longitudinal section and part plan, which show clearly 
the arrangement of the seating accommodation, the 
position of emergency windows, and the ement of 
the vestibules and entrance-doors. Figs. 69 to 72, on the 

same page, show the constructive details of a bogie for a 

trailer-car. 

Possibly the most interesting feature, from a public 
point of view, is that timber has been entirely super- 
seded by metal in the construction of these cars, the 
vehiciee being therefore entirely fireproof. The framework 
is of steel, the panelling of the sides and roof is made u 
of aluminium sheets, the interior work being finished with 
—e of drawn steel and aluminium sections. The 
net rod brackets, air-extractors and electrical fitti to- 
gether with all inside furniture of the cars, are in polished 
aluminium. The doors, which are of steel, are shown in 
Fig. 58, on Plate XI., and Figs. 67 and 68, on page 84. 
The all-metal car has largely been introduced in America, 
and to some extent in this country, but hitherto the term 
has been somewhat of a misnomer, as timber has been 
largely used for windows, seats, packings and other 
fittings ; it is therefore a point of some importance that 
the new cars which will run on the Manchester and Bury 
electric line will, no doubt, be the first cars in 
either country, and probably in the world, in which metal 
has su wood entirely in the construction of rail- 
way vehicles. 

he following are particulars of the motor and trailer- 
cars :— 


Total length of five-car train 326 ft. 3 in. 
over all 
72 _ - = 
: : an 7 
es accommodation of five-car third - class ; 
total, 389 
passengers 
Length over body es .- 63%. 7 in. 
Length over couplers... os ae wee 
Height from rail to top of roof 12,, 44 ., 
Centre to centre of bogies aed G..°9 « 
Wheel-base of motor-car bogies /™ a 
Wheel-base of trailer-car bogies 0.8 « 
Total weight of five-car train ... 220 tons 
Weight of motor-car i 
Weight of trailer-car ae ae 


¢ b ed with a slight taper on 
the sides of the bodies, and with elliptical roofs, the cars 
having large side-lights and fan-lights. The flooring has 
been built up of ‘* Keystone” or “* Chanarch” galvanised 
sheets, which are riveted to the steel underframe, and on 
these sheets is laid **Flexolith” or ‘* Decolith ” compo- 
sition. The cars are entered at the extreme ends of each 
vehicle, through vestibules, and gangways are provided 
throughout the trains so that can from 
one car to another to secure a seat. A feature of note is 
that the usual step-board used on most British trains 
is dispensed with, and passengers will be able to enter 
the vehicles direct from the station platform without 
pars | the usual intermediate step, which will be a 
decided advantage in qui ing the ingress and egress 
of passengers at the stations. car is divided into 
two main 1 com: ts, with a centre aisle, 
fixed and reversible seats arranged alternately on 
either side, as shown in Figs. 67 and 68, on 84. The 
Sra-olam seat ae upbolatered in tapenry, dn emgeel 
class in ra $ ormer cars have floors 

(see Fig. 61, on Plate XI). 

Other interior fittings of im 
ment of electric lighting heating, of 
which gives an ex » distribution of light, and the 
latter, in ducts along each side of car at 
the floor-level, ensures comfort in the coldest weather. 
Electric fans are also fitted, and by means of a two-way 
switch they can supply fresh air from the outside or 


The vehicles have been design: 


oe the arrange- 
i the former 





extract foul air from the inside of thecar. Sanitary strap- 
hangers, for rush periods, are provided in the third-class 
cars, these hangers being secured to the roof by aluminium 


brackets. 

ing of the outside of the cars is in the stan- 
dard colours of the railway company, whilst the interior 
is finished in self-colours, the lower part in dark-brown, 
from the waist-panels to the cornice in a restful shade of 
green, and the roof being of white. Large panorama 
photogra) of places of interest completes the artistic 
effect of the inside decoration of the car. 


ELgcTricaL EquipMENT FOR CARS. 


The contest cuptyuamnt on the cars is of the multiple- 
unit system, is to be operated on the auto- 
matic principle—that is, instead of the motor-man notch- 
ing up in the usual way by hand, he puts his controller 


£tg.62, 
















































































The motorman’s compartment contains a brake-valve, 

fitted with an emergency handle which, on 
Speen Se ae eaaey and also trips the control 
i the contactors, a master-con- 


troller, and a -brake, together with the switches for 
lighting and th switches and fuses for the 
control and Also the compartment contains the 


automatic controller and regulator for the ey eg © 
The arrangement shown is the same at each end of the 
motor-car, with the exception of the brake-pump con- 
troller and regulator. The reverser handle on the master- 
controller has four positions, reading from right to left: 
** Reverse,” ‘‘Off,” ‘* Ahead automatic control,” and 
** Ahead manual control.” 

It will be noticed that one of the positions is ‘‘ Ahead 
manual control.” This is used in cases of emergency due 
to failure of the ‘‘ Automatic control.” Normally, this 


L & Y.R'; DIAGRAM OF GRADIENTS, MANCHESTER TO HOLCOMGE BROOK. 



















































































Fic. 63. 200-Horse-Power Moror, 


into the ‘full series” or “‘full parallel” position, the 
various intermediate si being performed automatically. 
Iv can also be operated by hand by simply moving the 
reversing lever to a certain position. The control equip- 
ment on car is capable of controlling the four 
200-horse-power traction motors, with a line vol of 
1200, to give ‘‘series parallel” and ‘ parallel” combina- 
tions of the motors. The whole of the equipment is 
operated by 100-volts direct current, which is transformed 
from the line vol (1200) by means of a rotary trans- 
former mounted under the car. All the 1200-volt equip- 
ment is housed in a special high-tension chamber, the 
door of which is interlocked, so that the isolating switch 
connecting the control leads from the shoes must be 
opened before entrance can be effected. The arrange- 
ment of the motorman’s eompartment and of the high- 
ares compartment is shown in Figs. 50 to 56, on 
te A. 

All the contactors, the reverser, and the motor cut- 
out, are mounted on the inner wall of the high-tension 
0} site the window, and above these are 
i switch, main fuse, main-circuit 
Sapling quer fox Goo sutany tognebeemsen oilh is taieting 

; or the rotary ormer, with its isolating 
switch. “The high-tension wiring is carried in flexible 
steel tubing. 





is a stop which is sealed, and which prevents the reverser 
handle being placed in the ‘‘ Manual” position. There 
are four ‘‘senes” points on the controller, three “‘inter- 
mediate” and three “ parallel,” with an additional two 
positions, by which the field of the motors is shunted 
when higher s) is required for express traffic. All 
the cables, with the a of the trolley-cable, are 
carried in sheet-steel troughs ; the trough for the trolley- 
cable is made of Jarrah. Each —— consists of 
fourteen contactors, which are of the “‘ hammer” type, 
with a rolling action, and are fitted with ial soap- 
stone dished pope for soon the —. S. 4 — 
equipment been supplied by Messrs. , Kerr 

Co., Preston. 


Motor-Boyies (see 4 34, on 57 ante).—The motor- 
bogies complete, which have designed and built at 
the railway company’s locomotive works at Horwich, 
—_ = Fseties ent power a as tine ay to 

ie ax - ing, the ratio bei , or 
2.36 to 1. On each side of the bogie is mounted a shoe- 
beam carrying the collecting shoe. Each motor-car is 
provided with two of these bogies, making a total of four 
motors, or 800 horse-power per car, the ients beirg 
somewhat severe, as will be gathered from Fig. 62, 
above. wheel-base of the bogies is 9 ft., and the 
diameter of the wheels 3 ft. 7 in., the wheels 
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GERMAN COAL AND IRON INDUSTRIES. 


TH quantities of coal di of by the Rhenish- West- 
phalian Coal Syndicate in November, 1915, show a falling- 
off, both compared with the previous month and wi 
November, 14, Se fi “ye being, respectively, brs 
4,841,848 and 4,600,119 tons, represen , respectively, 
62.08, 63.34 and 65.29 per cent. of page Bam any e 
production during November amounted to 6,281,775 tons, 

inst 6,467,468 tons in October, and 5,753,293 tons in 

ovember, 1914. In August, 1914, the sale only amounted 
to 33.35 per cent. of the allotment; it then ually, 
though not altogether steadily, increased to 70.16 per cent. 
in June, 1915, but since then it has again diminished. 
As coke vhere is also a decrease, the quantity 
despatched during November only amounting to 1,431,586 
tons, against 1,564,730 tons in October, and 1,630,525 
tons in September; the latter was the highest figure 
since the war broke out, while the lowest was that for 
August, 1914, which was only 553,912 tons. The Coal 
Syndicate attributes the lower figures for November 
exclusively to the shortness of rolling-stock, which was 
further em i during that month. The sale of 
briquettes in November amounted to 66.66 per cent. of 
the allotment, against 70.84 per cent. in October, and 
87.96 per cent. in November, 1914. The State coal mines 
in the Saar district have commenced sales for 1916, but, in 
accordance with the arrangements with the Coal Syndi- 
cate, only for the first two months of the year and at the 
old prices. In special cases sales beyond the two months 
have been concluded. Thecoal mines of the Ruhr district 
seem to be doing satisfactorily, judging from the profits 
to be distributed for the last quarter of 1915, as far as 
they are already known. The full aceounts are not 
available, but the proposed dividends show that the im- 
provement manifested during the third quarter has been 
continued during the last. Thus the dividend for the 
Constantin concern will probably be raised from 500 to 
800 marks; that of the Kénig Ludwig Company from 250 
to 400 marks; and thav of the Frihliche Morgensonne 
from 75 to 100 marks, and so on. The Blankenburg in 
Hammerthal concern, which for years has been unable to 
pay | dividend, will pay a dividend of 50 marks per 
share fo! 
which belong to, and are worked as, limited a 
and not as the old-fashioned Gederkschaft, are likely to 
pay dividends increased by several marks per cent., and 
the Bochum Mining Company will again be able to pay a 
dividend. The prospects for the current year are 
considered to be satisfactory. 

The lignite and lignite-briquette concerns in Central 
Germany are desirous of bringing about an understanding 
as to increased prices on account of the higher cost of 
production, and the Government is believed to have been 
approached on this subject. As in the case of the Coal 
Syndicate, the Government is able, by fixing maximum 
prices, t0 exercise a certain amount of control of the 
movement of prices, so that the lignite companies are not 
likely to make an increase withoud first conferring with 
the Government, which has hitherto been against an in- 
crease of quotations. As the prices of the Coal Syndicate 
only hold for January and February, the whole question 
of prices will probably be taken up shortly for both coal 
and lignite. 

As regards the Siegerland iron-ore and iron industry, the 
business for the first portion of the new year is reported 
to be satisfactory. For most commodities there is a lively 
demand at prices which are certainly not below those of 
the preceding months ; this is to some extent due to orders 
from neutral countries. The prices obtained for export 
are fairly satisfactory and in some instances higher than 
the home prices, especially for all kinds of plates, for 
which neutral countries are becoming more and more 
dependent upon Comey. As regards iron ore, the 
limited quantities available have been promptly taken 
up, 60 that only quite small lots remain to be disposed of. 
——— raw ore costs 163 marks per wagon of 10 tons, 
and roasted iron ore, 245 marks. For ores from the Lahn 
and Dill districts a lively demand continues, and in some 
cases the whole production for 1916 has been sold— Nassau 
red ore at 20 to 21 marks, and brown ore at 16.50 to 
17.50 marks ton. Negotiations are pending for the 
sale of several iron-ore mines of the district to large iron 
works, The Siegerland blast-furnace owners have several 
times applied for prices to be raised, but the Pig-Iron Union 
has not entertained these appeals ; prices may, however, 
be influenced by the coke — to be fixed by the Coal 
Syndicate for March and forward. A rise in the coke 

rices is anticipated in several quarters, and the Pig- 
ron Union will then probably have to raise its quota- 
tions. A ready sale for 1916 is expected. In the 
Siegerland district, the bar-iron industry is based largely 
upon quality materials, and prices naturally vary con. 
siderably according to the nature of the order. For imme- 
diate delivery, prices as high as 150 marks are obtained, 
but for the current quarter a number of orders have been 
closed at 145 marks. The marke’ for Siegerland plates is 
firm, and has been further steadied by the formation of 
the Plate Union. Heavy plates have recovered some 
5 marks, and ordinary Thomas plates are now quoted at 
155 marks. The demand is lively, and even before 
beginning of the year some 75 per cent. of the first 
uarter’s production was dis; of. Thin plates are 

so in demand, and the sales made for the current 
quarter show no falling off ; prices range between 185 and 
190 marks. For export higher prices are paid, especially 
for early delivery, which the works are usually unable 
to effect, as they are taxed to their full capacity. The 
rolling mills have at last succeeded in bringing about the 
price convention, which they have for years worked for, 
and prices have been adjusted in accordance with the 
higher prices for iron ore and other increased costs. 
Toe works are well employed. 


r the last quarter of 1915. The larger mines, | #44 





The wire market is satisfactory. Rolled wire, on account 
of the limited production, is in very good demand ; the 
convention price is 140 marks, and, in the meantime, the 
cutting of prices seems to have come to an end; for 

pt delivery an advance is paid. In the different 
Praaches of the wire-drawing industry the works are fully 
employed. In the rolled-wire industry a movement is on 
foot for the purpose of establishing an export rolled-wire 
anion on similar lines to the bar-iron union, and most of 
the works have now arrived at an agreement about the 
principal points. As the rolled-wire works belong partly 
to the same owners as the bar-iron works, the idea is 
natural enough, but with rolled wire the only ques- 
2, Fad price regulation, whereas 
with the bar-iron works there is also a question of allot- 
ment. 

The production of pig-iron and steel during November 
sho’ a decrease of 57,221 tons and 22,470 tons, re- 
spectively, as compared with October, the outputs for 
November being, respectively, 1,019,122 tons and 1,192,817 
tons. The production was, however, tically double that 
for the apd | — > - — - - The 
production of s as 8 y, though slowly, advanced 
since July, whereas that of pig-iron has es almost 
stationary. 

Compared with the production for January, 1914, that 
of pig-iron has decreased by about one-third, whereas 
the decrease for steel is about one-fourth. The fact that 
the production of steel so considerably exceeds that of 

ig-iron has caused some comment, but this is attri- 

ted to the fact that certain quantities of pig-iron have 
been held over from previous months. 





NOTES FROM THE UNITED STATES. 
PHILADELPHIA, January 12. 

Price advances have been made this week on bars, 
plates, shapes, pipe, boiler-tubes, spikes, sheets, and tin- 
plate, averaging from 1 dol. to3dols. aton. Average steel 
prices prior to mber were 1.26 dols.; in that month, 
1.40 dols.; present business, 1.85 dols. minimum. New steel 
plants and open-hearth furnaces under construction will 

1,250,000 tons a year, while pig-iron capacity is now 
tically at its maximum—39,000,000 tons. Ten blast- 
urnaces are under construction, but only two of them 
will be completed this year. New incoming plant 
represents the last word in iron and steel-making; this 
means that when the rush subsides much old plant will 
be practically valueless. Conditions are restricting normal 
production, thus enhancing prices; Bessemer is 21 dols. 
at furnace, and is largely cornered by two large interests, 
which forced French buyers to offer 22 dols. for 5000 tons ; 
it will probably reach 25 dols. before any reaction can set 
in ; other lines will act and react similarly, but the date 
of reaction is unforeseen. Faint promises of a release on 
the present embargo are made ; freight congestion is most 
serious, but little material can be promised before mid- 
summer. 

An immense amount of mill capital is doomed to prac- 
tical extinction unless post-war demands should assume 
and maintain greater magnitude than is at present ccn- 
templated. As an evidence of expanding capacity which 
may send more or less existing capacity to the scrap-pile, 
reference can made to the volume of capital bei 
invested at Bethlehem, Pittsburg, Chicago, and sev 
other points. Among Bethlehem improvements may be 
mentioned a Willing ious machine ; rebuilding of 
blast-furnace B to a ton-a-day capacity, with 52 by 
100 stoves; two new mills, 16 in. and 12 in. and 12 in. 
and 8 in. ; 14 open-hearth furnaces; a 2000-ton forging- 
press ; a three-high 18-in. mill; a two-high 12-in. mill, 
with ten stands for rolls ; a 100-ton ladle crane; a 10-ton 
electric furnace; four additional 3000-kw. alternating 
generators; an immense scrap breaking plant; and 4 
1500-ton straightening Se do not eS the 
recent improvements made and making. t Chicago 
eight additional open-hearth furnaces, with an annual 
capacity of 1,000,000 tons, is a part of a 5,000,000-dol. 
outlay at that point, which includes blooming mills and 
structural mills. War conditions are necessitating a re- 
organisation of the steel industry which will have serious 
results in some directions. 





Sm W. G. Armsrronc, WuairwortH anp Oo., 
Liwirep.—Sir Philip Watts, K.C.B., who was naval 
architect to this firm from 1885 to 1901, when he was 
appointed Director of Naval Construction at the Ad- 
miralty, a position which he held down to 1912, when he 
became adviser in naval construction at the Admiralty, 
has been elected to a seat on the Board of Sir W. G. 
Armstrong, Whitworth and Co., Limited. 


PrrsonaL.—Messrs. Henry Faija and Co. (Mr. D. B. 
Butler, Assoc. M. Inst. C.E., F.C.S.), of 41, Old Queen- 
street, Westminster, London, S.W., have removed to 
6, Earl-street, Westminster, S.W., where they have 
secured and more commodious Portland cement 


the | testing works and chemical laboratories. — Messrs. Bovi 


and Co, Timited, have removed from Union-court, Ol 
Broad-street, E.C., to Imperial Buildings, 56, Kingsway, 
London, W.C.—Messrs. Wailes, Dove and Co., Limited, 
Newcastle, have changed their name to Wailes Dove 
Bitumastic, Limited.— Messrs. Thomas and Bishop, in- 
form us that, owing to the greatly increased rales of 
“Permac” jointing material and ‘Cling Surface” belt 
rvative, they have removed their staff to No. 37, 
acle-street, in order to have their general offices, 
stores, and works under one roof. Their accounts depart- 
ment, however, will continue at Balfour House, 119/125, 
Finsbury Pavement, E.C 





NOTES FROM THE NORTH. 
Giascow, Wednesday. 
Glasgow Pig-Iron Market. —Last Wednesday - 
noon the market steadied a little, and the recov 
effected reduced the decline in price over the day’s deal. 
i The transactions amounted 


803. 44d. cash and 80s. 10}d. one month ; at these figures 
3000 tuns changing hands. A record was reached, the 
prices being the highest touched during the past forty-two 
years, nothing like it having occu since 87s. 6d. per 
ton was realised for the ruling quality in 1874. A furt' 
advance was recorded at the afternoon session, when one 
month’s iron touched xls. 14d. per ton, with sellers over 
at this figure at the close, when sellers’ cash price was 
803. 74d., with 803. 9d. eight days. Business to the 
extent of 3500 tons was engaged in. This level 
was well maintained on Friday forenoon, and 
although no deali took place in cash iron, which 
remained yn at 80s. 74d., 1000 tons were 
dealt in at 81s. 1}d. per ton one month and 80s. 9d. seven 
days. While business was quiet in the afternoon, the tone 
was firm, the only transaction ng one cash warrant, 
which realised 80s. 74d. At the close sellers’ quotations 
stood at 80s. 9d. cash and 81s. 3d. one month. Strength 
continued to develop on Monday morning, when cash war- 
rants were done up to 81s. ton, closing with sellers at 
81s. 44d., while one month's iron advanced to 8is. 10d., 
with sellers over at this figure. Transactions amounting 
to 4000 tons were reported. The afternoon showed a further 
improvement, Cleveland warrants reaching 81s. 9d. cash 
and 823. 3d. one month, 82s. being paid for one month’s 
iron, which alone was dealt in. Oomplete idleness pre- 
vailed in the owe warrant market yesterday (Tu y) 
forenoon, but the tone was firm, sellers quoting 3d. per 
ton in excess of the previous day’s values. In the after- 
noon one lot of Cleveland iron was dealt in, realising 
82s. 3d. one month. Oash prices were a trifle easier, 
closing at 81s. 10d. sellers. Little change took re this 
(Wednesday) morning, when 81s. 6d. cash and &2s. 2d. 
twenty-nine days were realised for a small turnover of 
1000 tons. Closing sellers’ prices were quoted at 81s. 9d. 
cash and 82s. 3d. one month. 


Sulphate of Ammonia.—The demand for sulphate of 
ammonia keeps firm, but the supply in no way keeps 
with the demand. Prices are still on the same 
[evel as last week, and for prompt delivery, Glasgow, 
171. 17s. 6d. to 182. is quoted, and at Leith 18/. 5s. to 
181. 7s. 6d. per ton. 


Scotch Steel Trade.—While the output in the various 
steel making establishments continues unabated, the high 
rate of ocean freights and the uncertainty and irregularity 
of delivery of the necessary inward ore are making it very 
difficult for the Ministry of Munitions to arrive at any 
satisfactory conclusion as to the levelling of prices. 
Naturally, things are in a rather uncertain condition, 
and some makers have already withdrawn prices pend- 
ing the settlement of the negotiations. © pressure 
for delivery of all classes of steel, particularly for shell- 

shows no signs of decreasing, for practically 
Government, directly or indirectly, is absorbing the whole 
of the available output, and its demands are insatiable. 
These demands, the high freights, and difficulties of 
transit are more and more restricting the ordinary ‘mer- 
cantile business, especially since the calls from the French, 
Russian, and Italian Governments have become so insis- 
tent. These show, too, how the circle widens out; 
indeed, it would almost seem as if the country had been 
turned into a vast arsenal. With the increase in on- 
costs there is no wonder that all classes of. finished 
material have mounted up so considerably, and both 
consumers and makers are much exercised as to what to 
do to remedy matters. Shipand boiler-plates are greatly 
in demand, there being in many works sufficient orders 
to keep the mills running for months ahead. The quota- 
tions menti last week still hold good, ship-plates 
costing 12/. 10s. ton; boiler-plates, 13/. 103.; and 
angles, 13/. to 13/. 10s., less 24 per cent. discount for 
prompt delivery. 

Malleable-Iron Trade.—There is no decrease in the 
volume of business being put through by the malleable- 
iron makers, every de ment being full up with 
work and with orders. hile the constant increase in 
price is giving rise © some , sommes anxiety, he 
impossible to say what may happen even yet. e best 

les of “Crown” bars are still quoted 13/. 5s. to 

31. 10s. per ton, less 5 cent. discount, although the 
commoner sorts may be for 13/. 


Scotch Pig-Iron Trade.—The local pig-iron trade con- 
tinues to make steady progress, and within the past 
week further advances in price have been recorded, 2s. to 
53. per ton for some of the best grades, while No. 3 
foundry iron seems to have established another record. 
Excellent sales are reported, and makers of hematite are 
tinding ready purchasers for their constantly increasing 
output, even at the sensational price of about 135s. per 
ton. position of foundry iron has increased consider- 
oye being now in much better demand, both for local 

foreign account. Despite the high prices ruling, 
makers show little disposition to book further orders at 
Seen rates, a factsigaificant in itself. During the 
we seventy-one blast-furnaces have been in operation 
n Scotland, this being three more than in the preceding 
week, and two less than at the corresponding period last 
ear. Makers’ (No. 1) iron is now quoted as follows :— 
biyde, 107s. per ton ; ie, 107s. 6d. ; Calder, Sum- 
merlee, and Langloan, 106;. (all shipped at Glasgow) ; 
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Eglington, 101s., Glengarnock, 106s. 
ee 103s. (ab Ayr) ; 


both at Ardros- 
otts 106s. (at 





NOTES FROM SOUTH YORKSHIRE. 
‘SHEFFIELD, Wednesday. 
South Yorkshire Coal Trade.—Steam coal, cobbles, and 
nuts are in demand, while works are securing 
tically full supplies. Shipments have not been so 
Page at © Humber porte, and so as to ensure better 
supplies for home consumption, exports to other than 
‘Allied countries are likely to be reduced considerably. 
House coal, as is expected in milder weather, is not so 
much in request as a week ago, and collieries are able to 
work off as much of their arrears as the irregular transport 
arrangements will allow. The ae number of coke-ovens 
in use are absorbing practically all of the supplies of small 
fuel, and could do with a larger tonnage, if available. 
This market is at present in an unsettl lition. 
Exports of coal for coking purposes are being prohibited 
by the Government, who are taking this action with a 
view to increasing the quantity of by-products for high 
explosive manufacture. Inland works are taking big 
tonnages of gas fuel on contract account. Practically no 
tonnage of slacks is available on the open market, this 
fuel being in short supply. A good inquiry is experienced 
for blast-furnace coke, which is firm at the maximum rate 
of 24s. per ton, on rail at the ovens. Quotations:—Best 
branch hand-picked, 20s. 6d. to 21s. 6d. ; Barnsley best 
Silkstone, 17s. 6d. to 18s. 6d.; Derbyshire best brights, 
17s. 6d. to 18s. 6d. ; Derbyshire house, 16s. to 17s.; best 
large nuts, 15s. to 16s.; small nuts, 14s. 6d. to 15s. 6d. ; 
Yorkshire bards, 16s. 6d. to 17s. 6d.; Derbyshire hards, 
16s. to 17s. ; best slacks, 11s. to 12s.; seconds, 9s. 6d. to 
10s. 6d. ; smalls, 8s. to 9s. 


Iron and Steel.—A substantial expansion is evident in 
the aggregate output of the local steel works since the com- 
mencement of the year. Although hundreds of workmen 
have been brought from military service, there is still a 
shortage, mostly of mechanics. This scarcity of labour 
also, however, & _ to clerks, any have —- LS 
large numbers, but their places are being rapidly 
by young women. Few firms, other than the big arma- 
ment and munition houses, are engaging factory women, 
and a large supply of these are now available. The 
fixing of maximum prices of pig-iron is causing a 
deal of uncertainty, and the market is in an unsettled 
condition. akers, generally speaking, are unable to 
enforce the maximum figure, which is at a much 
higher level than was anticipated. Quotations for 
Derbyshire foundry, with a maximum of 87s. 6d., 
are still round about 80s. to 82s. 6d. on_ truck. 
Forge iron is 2s. to 2s. 6d. below these figures. Makers, 
in quoting, however, have practically no fixed rate, and 

ices vary considerably. maximum is being asked 
or basic qualities by colnshire ducers, but as in 
Derbyshire brands forge and foundry iron is being sold 
below that figure at 82s. to 83s. on truck. East Coast 
mixed numbers of hematite are quoted from 133s. to 
135s., and although there is not much actual) business 
being done outside contracts, both special and ordinary 
qualities are being consumed in enormous quantities. No 
improvement is reported in the supply of steel billets, 
quotations being nominal, and everything is dependent 
upon deliveries. The latest ——— are :— Bessemer 
acid, 14/7. 10s.; Siemens acid, 15/. 10s. to 16/.; hard basic, 
131.; soft basic, 12/. to 12/. 10s. The demand for steel 
scrap is very heavy, and prices are steadily advancing. 
Considerable extensions are being made to ro! -mills. 
Two sets of rod-mills erected by one firm are of 12-in. 
and 14-in. size, the total output 150 tons of 
finished rods weekly ; each of the mills will be driven by 
a 175-brake-horse-power gas-engine. Japanese require- 
ments are a strong feature in this week’s export demands, 


and, judging from their nature, that country is consider- 
ably ex ing her manufacturing resources. A large 
quantity of file-steel is being sent to Ja: and also 


steel for tools, knives, razors, and other ucts. Twist- 
drills, tools, files, cutlery, steel, steel blocks, billets, and 
saws also figure among orders from all parts of the globe. 
The latest War Office contracts placed with Sheffield 
makers include millions of table-knives and forks, files 
and tools, clasp knives, razors, bill-hooks, and surgical 
instruments. Steel for cutlery making is difficult to 
obtain, and work has to be suspended for shoro periods. 
Cutlery-makers are strictly ordered to way Se needs 
of the Allies’ armies with 80 per cent. of r output, 
while the other 20 per cent. can be readily absor by 
the British Colonies alone, so the public of the country 
are in a somewhat parlous position. Owing to Govern- 
ment pressure makers are advising country customers 
that they are unable to accept any orders for the duration 
the war. 





Tue BritisH EvecTRicaL AND ALLIED MANUFACTURERS’ 
AssocraTion.—At the monthly dinner of this Association, 


—— yy as the “E ” mote gm 
Januar , there were present, as 7 
Thornton (general astern Railway}, 


, Great 

Mr. S. Z. de Ferranti (Past President, Institution of 
ewig So =% , Mr. — ~g te Merz, Sir many 

i , Mr. H. organ, Mr. A. Messrs. G. 
S. Moulton and Co., Limited). Mr. Charles 4 Walicer 
Mr. H. Gordon Selfri and Mr. R. F. Gibb (Union- 
Castle Line). Mr. ornton, after dinner, opened a 

i i **Commercial Mobilisation,” and was 
followed by Dr. Merz, Mr. Gordon Selfridge, Mr. 
Colton (the Westinghouse Company), and Mr. Ferranti. 
wae with one aspect of the discussion in our leading 
article. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

_ The Cleveland Iron Trade.—Business in Cleveland pig- 
iron is steady and active, limited only by the shortage of 
stocks and scarcity of labour. But for the os in 
securing men, despatches would be much heavier, by 
rail and sea. The wharves and docks are still much 
—_— The of labour renders increase in pro- 

uction to meet the impracticable. Considerable 
dissatisfaction is expressed with the uncertain position in 
which the question of maximum prices has been left 
the Government. This week a number of sales of No. 
g-m.b. Cleveland pig have been made at the understood 
fixed maximum of 6d., but there is now a feeling 
that the — > ae not be limited to that figure. The 
Position has somewhat, and the ruling quality can 
now be bought at 828. 3d. No. 1 is put at 86s., and No. 4 
foundry at 8ls.9d. No. 4 forge is tiful, and is offered | Newport. 
freely at 80s. 9d.; whilst mottled and white iron are each Local Burdens.—The rates levied in some of 


on sale at 80s. All the foregoing quotations are for early western : rned as follows :— 
delivery, makers still being unwilling to commit them-| BPDich Be dd. in the pound + Bath, Ts. 1id.; Glomecater, 
selves ahead to any extent. F Fixe 7s. 8d.; ‘Plymouth, To. 34.5 

Stocks of Pig-Iron.—Makers of pig-iron have little or L.; Swansea, - At Bristo 
no iron lying at their yards. Practeally the only stock | the docks t 1s. in the pound to the rates. Porte- 
in existence is the Cleveland iron in the public warrant| mouth has a water and dock charge of 1s. 10}d. in the 
stores, and the quantity held there is, for the first time for 
since September 21, 1914, below 100,000 tons. On that 
date the stock stood at 99,930 tons. To-night (Wednes- 


NOTES FROM THE SOUTH-WEST. 
Cardif.—The steam-coal trade has shown continued 
firmness. With free arrivals of tonnage, and colliery- 
owners heavily booked for all descriptions, sellers 














2 
i 
F 
: 
i 


sf 


aF 


g 


ties. Bristol obtains relief in manner to the 
day) the qoentity in the public warrant stores is 99,121] extent of 3jd. in the annually, and Gloucester 
tons, all of which is No. 3 quality. Since the beginning | to the extent of 7}d. in the pound. 
of the month the stock has reduced by 13,925 tons. 


Western Trade Matters.—Exports from Port Talbot 


docks have been ing of late at from 45,000 tons to 


Hematite Iron.—East Coast hematite pig is very scarce. oe 
Little can now be purchased for su LB dey & third | 59,000 tons per week, and coke figuring in these totale 
quarter ofthe yen, maay maker rel Ginposed of ail | £9F sbout 42,000 tons. The profits of the Llandudno 
t 


Pier Company for the past year were 3140/., and 1102/. 
was brought into the accounts from 1914. A dividend of 
12} per cent, is proposed for 1915; 1142/. being carried 
forward. The directors of the Alexandra (Newport and 
South Wales) Docks and Railway yy | recommend 
dividends of 44 = cent. upon the A and B preferred 
stocks. Mr. A. T. Cotton, who has been appointed to 
succeed Mr. J. A. Findlay as superintendent of the 
London and North-Western Railway, for the South 
Wales district, with head-quarters at Abergavenny, has 
been for twenty-four years superintendent at Belfast 
for the London and North-Western Company, the 
Lancashire and Yorkshire Railway, and the Belfast and 
Fleetwood Royal Mail service. . Cotton commenced 
ly with the = and Serine Contes Rail- 
way. n instance o: great profits le by shipping 
companies during the past year is afforded by the Reid 
Line (Cardiff), Limited, managed by Messrs. Evans, Jones 
and Co. net revenue for 1915 is returned at 71,392/., 
as compared with 11,881/. in 1914, 27,1362. in 1913, and 
33,9082. in 1912. The directors recommend a dividend of 
25 per cent. for 1915, ey rg 40,0001. to reserve; the 
dividends distributed for 1914, 1913, 1912, and 1911 were 
at the rate of 10 per cent. per annum. net profits of 
the © Colliery Company for the past year were 
27, A steel single-deck steamer of 2297 tons 
gross, built at Sunderland in 1889, and carrying 3700 tons 


y can make to the end of June. Some producers are 
committed as far ahead as they care to be, and are not 
disposed to quote. A little business has been put through 
this week at 135s. for May-June delivery of Nos. 1, 2, 
and 3, but that is more a buyer’s than a seller’s quota- 
tion. As a rule round about 137s. 6d. is now asked for 
mixed numbers, and up to 140s. has been named. These 
high wars are checking Sheffield buying, customers in 
that district being able to — orders more advan- 
tageously on the West Coast, but demand on account of 
our Allies continues very good. 


Shipments of Pig-Iron.—Shipments of pig-iron from the 
port of Middlesbrough are, under all the circumstances, 
satisfactory. To date this month they average 1235 tons 
= working day, the total despatches amounting to 

.928 tons. To the same date last month the clearances 
totalled 33,340 tons, or a daily average of 1600 tons, and 
for the ae part of January last year the 
loadings were retu at 12,490 tons, or an average of 
600 tons per working day. 


—— Ore.—Values of foreign ore continue to ad- 
t the amount of business passing is not large. 
Market rates are based on fully 40s. ex-ship Tees for 
Rubio of 50 cent. quality. eavy supplies continue 
to come to hand, with the result that consumers have 
now fairly good stocks and are not keen to enter into dead-weight, has been sold for 50,000/.; 
further contracts at the high prices ruling. Im to|}owned by Mr. G. Hallett, of Cardiff, who disposed of 
the Tees so far this month amount to no less than 181,815| her in October, 1912, for 9000. The Field Line (Car- 
tons. Freights, Bilbao-Middlesbrough, are up to 23s. 6d. | diff), Limited, has set apart 20,000/. out of its greatly 
Steamers have been fixed at that figure, snd the prevail-| increased profits for 1915 to Y ape for the excess profits 
ing opinion is that freights will be still higher. — +. Se yom, a © past month freight rates 
Manufactured Iron and Steel.—Government require- | 7°" = & auee ere need . 
mente, continue je abeorh practically the, whole f We sa por bony and. to Marmion Tia, @4- 
capacity of the fin iron 8 works, wit “aa 4 : 1 
result thas little attention is paid to ordinary commercial pete mae ge Be + hy) Albion bmp | Conener 
— pe tranny, ni Gace Se Se of contract by absenting hi on Sunday night, Octo- 
quotations :— Common iron bars, 132. 10s.; bers, | ber 31. The point at issue was whether a Sunday-night 
141. 128, 6d.; packing iron (parallel), 9. 10e.; packing | be had come to the conclusion that it had been the i 
iron (tapered), 11/. 5s.; iron ship-plates, 11/.; iron ship- ears at the colliery to work on Sunday nights, 
angles, 132. 10s.; iron ship-rivets, 15/. 10s.; steel ship- e custom had opened into a contract.—The Cit: 
singles), 14/.; steel sheets (doubles), 15/.; steel io. to make a voyage from Newport to Port Said, Bombay 
IL, ie. $d.; spec! strip, 12; 15s.; steel hoops, 13/.; heavy | and Karachi ; she will load about 3000 tons of coal and 
steel rails, 102. 17s. 6d. to 11/.; and steel railway sleepers, pr een : sho wt 
112. 10s. to 12/.—railway material net f.o.b., steel plates, Cargo ; 
steel ship-angles, and steel joists net at works, and all 


will also take passengers, of whom she 
can carry 170 first-class and 660 second-class. An agree- 
other descriptions less 24 per cent. discount. 


ment entered into between the Government of 
Jamaica and Messrs. Elders and Fyffes, Limited, by 
which a fortnightly mail service will be at once resumed 
between ony and the Mother Country. A Colon 
call has proved a success, and Messrs. Elder and Fyffes’ 
vessels now carry a Pacific Coast mail. 





University Cotiece Lecrures.—The Provost an- 
nounces that, owing to circumstances arising out of the 
war, Mr. Kilburn Scott’s course on ‘‘ Electrical Pro- 
duction of Nitrates for Fertilisers and Explosives,” 
7 to begin on Wednesday, January 26, will not 





Putp ror Parer.—The decision of the Swedish Govern- 
ment to prohibit the export of wood-pulp calls attention 
to the enormous extent to which this country has relied 
on Sweden for this commodity. The resources of the 





**INTRRNATIONAL Miuuirary Dicest.”—We have re- 


ceived No. 7, Vol. I., for December last of this monthly | British Empire, if uately developed, are ctly 
review < the current literature of mili science. capable of supplying all our demands in this direction. 
is issu 


t 
by the “‘ International Military 24 
West Thirty-Seventh-street, New York, the editorial 
office being at West Point, N.Y. As its title implies, 
it gives abstracts from jou blished throughout the 


Swedish -pulp is produced from the soft coniferous 
woods, such as the various kinds of fir, pine and spruce ; 
in Canada and Newfoundland huge areas of these woods 
are still un present employment of this 


world of articles on all classes nf military subjects. In| timber for paper-making being on a scale which, 
the December issue abstracts on yxiating gases, on | com with the natural resources of these Dominions 
the European war, on the armies of various nations, on | for tl rpose, is quite trivial. Many other parts of the 
various corps of troops, &c., are ially interesting. | British Empire are, moreover, capable of supplying paper- 
One of the editors-in-chief is Col C. de W. Willcox, 


m A great variety of these materials 
have y been investigated at the Imperial Institute, 
and hardly a month passes without freeh British sources 
=o raw material for paper-making being brought to 
ight. 


the author of the valuable French-English military tech- 
nical dictionary. The “‘ Digest” is issued monthly at the 
price of 3 dols. per year, or in quarterly issues at 5 dols. 
per year. 
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ELECTRIFICATION OF THE MANCHESTER TO BURY SECTION; L. AND Y. RAILWAY. 


(For Description, see Page 80.) 
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Fics. 69 to 72. Tramer-Car Boats. 
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ONE OF THE NEW BRITISH PROJECTILE-MAKING FACTORIES. 


(For Description, see Page 76.) 
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ONE OF THE NEW BRITISH PROJECTILE-MAKING FACTORIES. 


(For Description, see Page 76.) 
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BRITISH PROJECTILE-MAKING FACTORIES. 


(For Description, see Page 76.) 
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| ELECTRIFICATION OF THE MANCHESTER TO BURY SECTION | 
OF THE LANCASHIRE AND YORKSHIRE RAILWAY. | 


(For Description, see Page 80.) 
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NOTICES OF MEETINGS. 


Tue Nortu East Coast Institution oF ENGINEERS AND Surr- 
BUILDSRS.— Friday, January 28, at 7.30 p.m., in the Lecture 
Theatre of the Literary and Phi ical , Westgate-road, 
Newcastle-on-Tyne, the following papers will dealt with as 
indicated. Resumed discussion on “The Time Element and 
Related Matters in Some Ship Calculations,” by J. 5, 
Welch, M.Sc., M. Inst. C.E., Member of Council. To be read and, 
time permitting, discussed :—‘“‘ The Standardisation of Stability 
Ourves,” by Mr. Wilfrid Ayre, Associate Member. 

THE INSTITUTION OF RAILWAY SIGNAL ENGINEERS(INCORPORABED). 
—Tuesday, February 1, at 2.30 p.m., at the Institution of Elec- 
trical Engineers, Victoria Embankment, London. Annual report 
and election of officers. Afterwards there will be an inpromptu 
discussion, the subjects to be introduced by Members of the 
Council. 

Tas Réntoxn Society.—Tuesday, February 1, at 8.15 p.m., at 





; | the Institution of Electrical Engineers, Victoria Embankment, 
. | W.0. Dr. woe Russ will open a discussion on “ The In 


jurious 
Effects Produced by X Rays.” Dr. Herschell Harris will give a 
demonstration of lantern-slides obtained in Gallipoli. 

Tas InstirvruTe or Sanirary Enomeers.—Wednesday, Feb- 
ruary 2, at Caxton Hall, Caxton-street, Westminster. Subject :— 

The Activated Sludge Process of Sewage Purification,” by 
Professor G. J. Fowler, D.Sc., F.1.C. Tlustrated with lantern- 
slides. Mr. 8. A. Self, Chairman of Council, will take the chair at 
7 p.m. Discussion to follow. 

“9 Rorat Socrery or Arts.— Wednesday, ee | 2. A paper 
on “ Women’s Work During and After the War” will be read by 
the Hon. Lady Parsons. Mr. Dugald Clerk, D.Sc., F.R.S., Chair- 
_ of the Council, will pi e. The chair will be taken at 

p.m. 

Tae Royaw Institution or Great Brrrain.—Friday, February 4, 
at 5.30 p.m., the discourse will be delivered by Professor W. 
Bateson. The subject is ‘‘ Fifteen Years of Mendelism.” After- 
noon lectures next week at 3 o’clock. Tu Fe 
Professor Charles 8. Sacegen, M.D., LL.D., D.Sc. 
Fullerian Professor of Physiology, « Ph. 
Anger and Fear” (Lecture III.). Thursda , Fe 3. 
W. A. Bone, D.Sc., Ph.D., F.R.S., on ‘‘ The Util ion of Energy 
from Coal : Industrial Applications of Gaseous Fuels Derived from 
Coal” (Lecture III.). urday, February 5. Sir Sidney Lee, 
D.Litt., LL.D., on ‘The Shakespeare Tercentenary: the Range 
of Shakepeare’s Influence” (Lecture L.). 
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CO-ORDINATION OF RESOURCE FOR 
OUR EXPORT TRADE. 

WE are apt to talk of the war as a passing phase 
of affairs, as a phenomenon that will pee A for 
a relatively short time, and will then disappear to 
give to a peace free from the horrors and 
sufferings of the last eighteen months, But in 
doing so we forget that national life is a warfare, 
and that there are other agencies than explosives 
and cold steel by which a people may be displaced 
from its position in the world. If we recall these 
facts, our wonder grows that Germany should have 
abandoned a method of attack, in which she had 


be | attained a measure of success never seen in the same 


time in the world before, for the ruder and lees cer- 
tain chances of the physical battlefield, upon which 
she ventured not only her expensively-won place 
in the sun, but also her rapidly-growing commercial 
ition. That she did so is evidence of her in- 
ability to understand her neighbours and the world 
in general. Everywhere she had found a fair field 
for her commercial efforts. In England her sons 


had been treated as the equals of loyal subjects of | proble 


the Crown, although she had endeavoured to shut 
British products out of her own markets, and in 
most other countries she had the advantage of the 
** most-favoured-nation ” clause equally with our- 
selves. As long as she played the e, as it is 
understood commercially, German business men 
were free to enter all markets and to make their 
profits wherever they could, without creating any 
ill-will. But immediately Germany, impatient of 
the fruits of steady toil, threw her sword into the 
scale, demanding that it should be recognised as 
more than the equivalent of the products of 

the chief countries of Europe replied by flinging 
their weapons into the | ere scale, declaring 
they would only traffic steel for steel and blood for 
blood. They had raised no opposition to peaceful 
penetration ; Russian commerce and manufacture 
were largely in Teutonic hands ; France acted as 
host to thousands of those who invaded her in 
1870; German names were found in our Privy 
Council and were numerous on the Stock Exchange, 
while every large city had its German suburb. t 
the methods of Prussian autocracy were felt to be 
unendurable, and even little Belgium, with its 
relatively insignificant resources, threw itself at the 
gigantic invader rather than accept serfdom as the 
price of peace. 

The scale has not kicked the beam. As a means 
of national aggrandisement the action of the Kaiser 
has proved a complete failure, and the only ques- 
tion that remains open is how cheaply he can with- 
draw. Even if peace were made to-day, Germany 





would emerge poorer in men, in money, and in 
credit, and each month that the war is p 

the ter will be the material loss to her. Butif 
the lessons of history can be relied upon, she may 
find an equivalent in other ways. Nar leon beat 
Prussia to the ground. He ill-treated her, robbed 
her, insulted her. And in doing so he made her a 
nation, as he found at Leipzig and Waterloo. Our 
methods do not follow the Napoleonic tradition, 
but yet defeat—whether partial or complete— 
carries its own sting, and spurs a virile nation 
to increased effort. Already we can see from the 
German newspapers that the leaders in commerce 
realise that the sword has failed them, and that 
they must apply themselves in to the methods 
which were so successful in the past, even if they 
were not rapid enough for the my nye» The 
question of the renewal of export e after the 
war is being debated in all the great centres of 
activity, and committees are being formed to 
elaborate schemes and to secure the compliance 
and assistance of individual firms. It is said that 
stocks are being accumulated ready to be dumped 
in all markets ; but one would like more evidence 
before believing that, since stocks of goods lock up 
capital very inconveniently, and capital is scarce. 


. | However that may be, it is certain that peace will 


find the German nation prepared with plans for 
re-entering the markets of the world as far as 
it is possible, and that the matter will not be 
left to individual effort, but that it will rest 
on the combined action of the Government and of 
all classes engaged in manufacture and commerce. 
Those who are inclined to play for their own hand 
will be restrained, and those who hang back from 
selfish reasons will be stimulated to action, in order 
that the movement may gain all the advantages of 
an orderly and co-ordinated advance upon well- 
considered lines. 

Peace will also find us in a chastened condition, 
for the blood which has been spilt cannot be 
gathered up, and the labour which been spent 
cannot be recovered. But will it find us ready 
to avail ourselves of the unique opportunity that 
will nt itself? Shall we continue our tradi- 
tional policy of muddling through? It has served 
us indifferently well in the war because it has been 
pursued behind the protection of the Navy. With 
that impregnable ram in front of us we can 
pile mistake on mistake, and add delay to delay 
without realising the horrors of war in our own 
land. But once peace is signed the Fleet cannot 
close the neutral markets of the world to our 
enemies, and unless very different counsels prevail 
here, it cannot guard ourown. Then we must 
rely solely on our own skill to measure swords with 
an antagonist who has many scores to pay off, and 
who will take full advantage of every mistake. At 
the commencement of the war the papers spoke 
asif the trade of the world was already in our 
hands, but soberer ideas have got abroad since, 
and the public is pony | to realise that the 

m is bi and more difficult than they had 
thought, and that commerce is a science that needs 
much study for its understanding, and the best 
brains for its management. There is a demand for 
@ plan of campaign, as is evidenced by the fact 
that the Lord Mayor has called a meeting for the 
3lst inst. to discuss the subject, and by the 
numerous committees of more or less capable per- 
sons who are endeavoyring to frame a programme. 
They are all met by the initial difficulty of deter- 
mining the conditions under which the campaign 
will open. That there will be an immense demand 
is certain, for the requirements of the world will 
have remained unfilled for two or three years, and 
all its wear and tear unremedied. Further, the 
ravages of war will have destroyed millionsof pounds’ 
wo ly such as railways, bri work- 
shops, the like, that will be urgently needed. 
There will be orders to fill every iron works and 
shipyard and engineering works in the countries 
of the Entente, and the only difficulty will be regard- 
ing the terms of payment. Then will come the day 
of the ready-money capitalist. He will be able to 
make splendid bargains with needy borrowers, and 
to obtain controlling interests in concerns crippled 
for want of funds, on quite exceptional terms. 
But there will be a limit to assistance of this kind, 
for the Government is taxing manufacture up to 
the hilt, and very little is saved. Much of 
that is being patriotically lent to ~— on the war. 
It is perhaps as well that there sh not be such 
a boom o' ye 4 as followed the Franco- 
German War, for if there were it is quite certain 
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that there would be uo organised and systematic 
effort to secure the markets of the world. Each 
manufacturer and merchant would fill his order- 
books at the best prices obtainable, without adopt- 
ing new methods, and when the boom was spent 
we should be as little pre for commercial 
warfare as we were for the milita le. 

The truth is that as a nation we hate constructive 
thought. The policy of ‘‘ wait and see ” appeals to 
us most forcibly, although in the past it has gener- 
ally been disguised as the appointment of a commit- 
tee or of a Royal Commission, and has not been 
proclaimed boldly from the Treasury bench. But 
the committees have generally consisted of men of 
official standing who knew —s of the actual 
matter in hand, and who could only decide judicially 
after calling more or less evidence. Their decisions, 
_ or wrong, had no compelling power in them. 
They were like a clock, with no one in in 
winding it up, and generally they were about as 
useful. Things are done differently in other lands. 
Mr. H. W. Thornton, the General Manager of the 
Great Eastern Railway Company, related at a 
dinner of the British Electric and Allied Manu- 
facturers’ Association, on the 20th inst., what is 
being done in America to secure a share of the 
German trade. He said that a corporation had 
been formed with a capital of 10 millions sterling, 
entirely by private enterprise and without any 
reference to the Government. This corporation 
does not represent one set of manufacturers or a 
selected set of manufacturers, but comprises all 
the interests necessary for pushing a great ex- 
port trade. There are included in it manufac- 
turers, of course, but there are also merchants, 
selling agencies, bankers, railroads, and shipping 
interests. The trade is to be taken care of from 
the works, or the mill, right to the foreign ports, 
and is not to be confided en route to agencies which 
have no interest in it, or have a direct interest in 
delaying it. Such a corporation is scarcely - 
sible in this country, but the ideas of its founders 
are well worth study, They show that in the 
opinion of some of the keenest men in America 
the days of individualism are past, and that 
commercial warfare can only be conducted on the 
same principles as mili warfare—that is, by 
concerted action in which the individual seeks 
his reward by furthering the interests of the com- 
munity, or of the corporation to which he attaches 
himself. The inclusion of bankers in the scheme 
is noticeable. Many of the members of the cor- 

ration, such as the Armour Oompany, the 

tandard Oil Company, and the transcontinental 
railways, are of immense resources, but 
nevertheless they seek further monetary aid, and, 
what is more important, the skill and knowledge 
of men versed in finance. If any great success is to 
crown our efforts here to capture new markets, the 
bankers must bear their part in the struggle. Hither- 
to they have been the spoiled children of finance, and 
have gathered where they have not strawed. The 
main business of the London banks lies in buying 
bills with their clients’ money. These bills always 
bear two names, and often more, and if they repre- 
sent goods at sea, they have the underwriters behind 
them. It isa safe and a lucrative business, and, 
so far as it goes, it greases the wheels of commerce. 
But it is a cosmopolitan trade; bills come to 
London from all parts of the world, and they are 
equally welcome if they represent a cargo of 
electric machinery en route from Berlin to Buenos 
Aires, a shipload of nitrates from Chili to Hamburg, 
or a consignment of calico from Manchester to 
Canton. In me we gain a profit, but in the first 
the money enables the foreign manufacturer to start 
immediately on a second consignment on better 
terms than if he had to raise the means in Berlin. 
We should be surprised to learn that the Deutsche 
Bank discounted bills representing hardware from 
Birmingham or rails from Middlesbrough. 

Banks, of course, are not vhilanthropic institu- 
tions, not even nationally philanthropic, and they 
are not likely to abandon « safe and profitable 
trade unless they are obliged, or can replace it with 
something equally good. It is scarcely likely that 
after the war any bank will endanger its reputa- 
tion by lending money on bills emanating from 
the Central European Powers, and this fact alone 
will set free a good deal of money. Further, the 
assistance afforded by the Government to the 
banks during the first months of the war will 
give the former the right to dictate, to some 
extent, the policy to be followed in the future. 
This need not entail any loss if the banks avail 





themselves of the best technical advice, as does 
the Deutsche Bank, but it will involve a good deal 
of trouble and study on the part of the directorates. 
The matter is one for grave consideration, but in 
some way or other the assistance of the banks must 
be assured if we are to be successful in the coming 
commercial warfare. 

Atthe dinner above referred to some very excellent 
advice was given to the members of the Association 
by Dr. Merz and Mr. Ferranti. It was, of course, 
specially addressed to electrical engineers, but it 
has an application in a wider field. It was to the 
effect that success in export can only be attained 
as a corollary to success in the home market. It 
was because we equipped our own land with rail- 
ways that we were able to build railways in 
many other countries. The creation of a great 
textile industry brought us orders for cotton 
and wool machinery from Europe, India, China, 
and Japan. We led the world in sanitation, and 
our appliances have gone all over the globe. But 
we have no record like that to show in electric 
engineering, apart from submarine cables. The 
industry was starved in its infancy by the inter- 
ference of the municipal traders, and after more 
than thirty years it is but a weakling, unable to 
meet its foreign enemies abroad, and not always at 
home. It may do better under thé new conditions, 
but with a fairer start it would now have been in a 
lusty manhood, able to hold its own in any company. 
For it, and for many other industries, salvation lies 
in specialisation in manufacture and in co-operation 
in selling. Costs of production must be kept down 
by large outputs in a narrow field, while costs 
of selling must be reduced to a minimum by the 
co-ordination of bankers, selling agencies and 
transport companies. It is this latter point that 
ought to engage the attention of the Lord Mayor’s 
meeting, and if there results from that gathering 
a committee of real business men, with wide ex- 
perience and the ability to command confidence 
in their decisions, who will devote themselves to 
providing efticient means of communication between 
the manufacturer here and the customer abroad, 
we can facethe future without misgiving. It is at 
the selling end that England is weak and Germany 
is strong, just because individualism runs 
here, while it is restrained there. We need to have 
the fact ground into us that what is good for the 
hive is good for the bee, and to learn that the best 
opportunities for making money are to be found ina 
ee a community. There will never be a 

tter time to preach that gospel than the present, 
when the future is full of uncertainty, and while it 
is imperative to make provision to meet the un- 
known. During the last eighteen months we have 
had one disillusionment ie another, until we 
feel all grounds of certitude slipping from beneath 
our feet. We- need to reconstruct our methods 
and beliefs in many things, and in none more 
drastically than in our foreign trade. 





LESSONS OF THE WAR APPLIED BY 
THE AMERICAN NAVY. 

ALTHOUGH it is impossible in the absence of com- 
lete data to make now full and definite deductions 

om the naval operations during the war, those 
neutral countries who must continue naval ship- 
building work are compelled by the necessities of 
the case to analyse the strategical and tactical 
operations as best they can in order to apply in 
new ships the lessons derived from such analysis. 
Of the neutral Powers, the United States of 
America is unquestionably the most important, 
and one therefore looks with expectancy to the 
proposals of Admiral Dewey’s general of 
** naval statesmen,” and to the Report to Congress 
of the Secretary of the Navy, Mr. Josephus Daniels, 
embodying the proposals of the Navy Department 
regarding new construction. This report is of far 
greater significance than usual, because, for the 
first time, there is advocated by the Secretary to 
the Navy a continuous programme of new con- 
struction extending over five years. Admiral 
Dewey has for many years recommended this 
course, but only last year were the public made 
aware of this fact. Now, however, the Depart- 
ment has officially accepted the proposal, and it 
remains for Congress to determine whether it shall 
be carried into effect. In laying down the number 
and types of ships to be embraced in this quin- 
quennial programme, the policy enunciated by 
Admiral Dewey is to make the navy of the United 
States by 1925 equal to the most powerful 





maintained by any other nation in the world ; 
because the course of the present war in Euro 

has afforded convincing reasons for modifying the 
_— expressed for the past eleven years as to 

e@ proper size of the navy. ‘*The current war 
has shown that a navy of the size recommended by 
this Board in previous years can no longer be con- 
sidered as adequate to the defensive needs of the 
United States.” ... ‘*A Navy in firm control 
of the seas from the outbreak of war is a prime 
essential to the defence of a country situated as 
is the United States, bordering upon two great 
oceans.” In addition to defence from invasion, 
the aim is to protect American sea-borne com- 
merce, and to drive that of the enemy from the 
sea. In other words, it would almost seem as 
if America proposed to challenge our sea supre- 
macy so far as preparedness for its maintenance 
during war is concerned. This challenge, how- 
ever, we regard with equanimity, because a con- 
flict between ourselves and the United States is 
unthinkable, and, in any event, it seems doubtful 
whether the aim of Admiral Dewey can be realised. 
The Secretary of the Navy does not go quite so far, 
although he adopts the complete programme with 
slight modifications only in respect to auxiliary ships. 
He is probably conscious of the immense need for 
educating the great proportion of residents in the 
interior of the United States as to the importance 
of sea-power. No doubt this education will be 
stimulated if, as is possible, the merchant marine 
of the United States increases greatly owing to 
present war operations. 

Sea-power means more than the mere building of 
warships and the maintenance of them, and, 
eeuiee enough, Mr. W. 8. Abell, the Chief 
Ship Surveyor of Lloyd’s Register, dealt very 
thoughtfully with this problem in his James Watt 
lecture. He was right in contending that sea- 
power was dependent on natural conditions, and 
that the navy which esses those natural con- 
ditions to the fullest extent, and has the capacity 
to use them to the greatest advantage, will, of 
necessity, enjoy the fruits of sea-power. Geogra- 
phical conditions affect the question. A situation 
remote from world trade routes is very disadvan- 


mad | tageous. It is probably this theory which has made 


Germany particularly anxious to have more direct 
contact with the North Sea and the English Channel. 
Mr. Abell pointed out that the greatest proportion 
of land, density of population, and deposits of coal 
and iron, all conducive to commercial ex ion, 
occur in the northern sphere, somewhere between 
30 deg. and 60 deg. north latitude. Consequently 
the carriage of raw materials and the export of 
manufactured articles will naturally focus on narrow 
sea frontiers in this area, and, naturally, the 
proximity to a nation of these sea frontiers is an 
immense advantage in the maintenance of the sea 
power of such nation. Physical characteristics 
are also operative, and by reason of her insular 
ition, and her dependence upon sea transport, 
Britain has further advantage. Moreover, our 
natural mineral wealth encourages manufactures 
and export trade, and the absence of such raw 
materiale | as cotton, wool, vegetable oils, and even 
timber, encourage import trade. These trade ad- 
vantages, combined with a high density of popula- 
tion, assist towards the development of commer- 
cial maritime interests. Moreover, our capacity 
in commerce and our faculty in colonisation, 
combined with freedom of Government, tend 
to affect the question, and in large measure to 
justify Mr. Abell in the conclusion that unless 
sea-power is firmly based upon such natural con- 
ditions, any manifestation de power can only be of 
an ‘‘ephemeral ” character. The burden of sea- 
power is much more readily carried when there is 
a healthy commerce and a large and well-employed 
mercantile marine, as well as colonies to provide 
ints of protection and shelter, and to enlarge 
Picilities of exchange. As we have said, the 
immense population in the interior of the United 
States fail to grasp the importance of the maritime 
industry ; so that for this reason, as well as for the 
ties of kinship, we do not regard with any misgiving 
the proposals of the Americans for a larger navy. 
Interest in the new five-year programme is 
naturally concentrated in the type of vessel 
which it is proposed to build. Admiral Dewey 
states that ‘‘the conclusion to be drawn so far 
from the history of the current war is that the 
battleship is still the principal reliance of navies 
as it has in the past,” and consequently it is 
proposed to lay down two battleships in each of 
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the next five years, which would bring up the 
number of battleships built or building in 1921 to 
fifty-two, excluding, of course, vessels which have 
then become obsolete. As the estimated cost of 
each of these ships is 3,760,0001., it is obvious 
that they are to be of immense power. The 
latest ships, laid down under last year’s pro- 
gramme, are to be of 32,000 tons, their length 
over all being 624 ft., and their beam 96 ft. 
They are to be of 204 knots speed, and are to carry 
twelve 14-in. 50-calibre guns, twenty-two 5-in. 
5l-calibre rapid-firing guns, and a number of 
smaller weapons, including four 3-in. anti-aircraft 

uns and four submarine torpedo-tubes. The 
Senctiay of the Navy says, however, that the 
proposals of the General Board, which are not 
divulged, involve a very material increase in the 
displacement, but as ‘‘ to-morrow’s developments 
abroad may require modifications of their charac- 
teristics, the Department feels it necessary to give 
this question most careful investigation and con- 
sideration.” 

In addition to these ten ships of the line there 
will be laid down six battle-cruisers—a type new to 
the American Navy. These vessels are estimated 
to cost each 34 millions sterling. The ee to 
add these ships to the Fleet is a direct result of the 
current war, and particularly of the performance 
of the ships of this class in the battle off the 
Falkland Islands, when the superior speed gave them 
** much strategic value, in that it enabled them to 
reach with great promptness their field of action.” 
The performance also of this type of ship in the 
engagement in the North Sea, when the Bliicher 
was sunk, has also impressed the Americans. The 
Secretary of the Navy points out that ‘‘ when the 
battle-cruiser type was first brought out, it was 
argued that it could lie in the line with battleships, 
and be used as a battleship upon occasion. The 
experience of the war, however, seems to indicate 
that their — function will be in independent 
action, and that if a possible antagonist is pos- 
sessed of any material number of vessels whee 
— enables them certainly to elude the battle- 
ship, and which are so powerful that they 
need not apprehend torpedo craft, it is neces- 
sary to have the battle-cruiser to cope with 
them.” Admiral Dewey also points out that 
the battle-cruiser, in scouting operations, can 
penetrate the protective screen of the enemy and 
guard its own battleships or other craft from sur- 
prise attack. Admiral Dewey, however, sounds 4 
warning note without adducing any support—‘‘ the 
particular course of the present war does not justify 
the prevalent exaggerated idea of their import- 
ance ’—but, nevertheless, he and his Board have 
recommended the building of six of them, two of 
which are to be laid down in the ensuing year. In 
addition, there are to be ten scouts, each costing 
100,000/. These, along with the battle-cruisers, 
are to obviate surprise attacks on the coast of the 
United States by seeking and maintaining contact 
with the enemy. In this connection, Admiral 
Dewey condemns the tendency of the country to 
place too much reliance oa localised defences, 
such as fortifications, mines, and submarines. As 
regards destroyers, the new programme provides 
for fifty, at an average cost of 272,0001. each. 

The submarine question naturally interests 
everybody connected with naval development, and 
it must be accepted that the naval advisers of the 
United States have taken a sane view. Admiral 
Dewey states that the deeds of the submarines 
have been so spectacular that, in default of engage- 
ment between the main fleets, undue weight has 
been attached to them. Their importance is less 
than the public believes. Inthe North Sea and in 
the Mediterranean they scored heavily on their 
first appearance, owing to surprise, and not to 
‘*inherent combatant superiority.” ‘‘ As,” at 
= ** the Allies have learnt in great measure 

ow to protect their commerce, as they learnt 
afew months previously to protect their navies 
from the submarine menace, it is apparent that 
the submarine is not an instrument fitted to domi- 
nate naval warfare. ‘‘ The submarine is a most 
useful auxiliary, whose importance will no doubt 
increase, but at present there is no evidence that 
it will become supreme.” Admiral Dewey’s 
General Board recommended that in the five years’ 
programme there should be included nine fleet 
submarines, each costing 300,000/., and fifty coast 
submarines, each costing 130,000/. The Secretary 
of the Navy, however, while accepting the pro- 
posals regarding the larger fighting ships, has 































into afternoon discourses, and thus both the lectures 
and the discourses are now held in the afternoon, 


5.30. So far as can be judged from the atten- 
dance at the first discourse, delivered last Friday, 
January 21, the selection of the hour meets the 
conditions. 


recommended fifteen fleet submarines and eighty- 
five coast submarines, although at the same time 
he makes the remark that a few months ago ‘‘a 
large majority of the ple would doubtless have 
voted to go into the building of submarines on a 
scale so large as to leave little money for other 
fighting craft.” 

Greater importance is attached now than hereto- 
fore to auxiliary ships of the Fleet, and the five 

ears’ programme includes four gun-boats, one 
ospital ship, two ammunition ships, two fuel-oil 
ships, and one repair ship ; while on aviation it is 
proposed to spend in the forthcoming year 
400,000/.-—double the amount voted for the current 
year; and on reserves of ammunition—as to the 
vital need of which the Secretary of the Navy 
expresses very strong opinions—it is pro to 
spend 1,600,000/., and to continue ereafter 
spending at the rate of 1,000,000). per annum. 
us, in the next five years there is to be spent on 
new construction in the Navy a total of practically 
100,000,0007., a evenly distributed through- 
out the years. This is much greater than in 
recent years. It includes, for the next two years, 
money required to complete the ships already 
begun. Contemporaneously, there is to be a 
considerable increase in the personnel, so that 
the estimate for the coming year is over 42} 
millions sterling, a very substantial increase on the 
estimates of any preceding year. Oil-fields for 
the supply of the Navy are to be purchased. 

In many other directions the lessons of the war 
have been brought home to the United States 
naval authorities. There has been created a Chief 
of Naval Operations, and under him a definite 
scheme has been evolved to ensure preparedness. 
There has been reorganised in all respects the 
Secretary's Advisory Council, including all the 
technical officers and the heads of various depart- 
ments, with a legal status and a responsi- 
bility to Congress. The Secretary also recom- 
mends that officers should be promoted for 
merit, and not by seniority, a proposal which 
scarcely needs any comment or commendation. 
Mr. Daniels, however, puts forward a some- 
what novel system of nomination for promotion. 
On the plea that the Navy as a whole knows 
the best officers in the various grades, he suggests 
that the system of promotion should be based prac- 
tically upon the vote of the officers senior to the 
grade under consideration. An officer, he con- 
tends, so selected would certainly possess such 
comparative merit that, from the point of view of 
naval efliciency, no mistake could possibly be made 
in nominating him for promotion. e result 
would be threefold: an ever-present personal 
stimulus for professional efficiency on the part of 
every individual officer throughout his career ; 
utilisation of every officer who is physically com- 
petent to perform any of the various duties 
required of naval officers so long as they remain 
competent to do so; and the promotion of the 
officers specially adapted for command and flag 
ranks when they are in the prime of their vitality 
and ability, and with sufficient yeare yet ahead to 
enable them to perfect themselves in the vastly 
responsible duties that go with those grades. 















































































different gases being: carbon monoxide, air, 
helium, oxygen, hydrogen and carbon dioxide ; 
the latter two gases diffused much more rapidly, 
éspecially at higher temperatures, than the other 
gases. When the ratios were plotted logarith- 
mically, all the lines showed breaks at 0 deg. 
Cent.; Sir James did not comment on this 
liarity, nor on the peculiar order of the gases. 
he very sensitive manometer used in those ex- 
periments was a U-tube, partly filled with oil, 
in which a vacuum was maintained in both limba, 
and any water-vapour likely to be introduced, 
together with the gas, into the apparatus was con- 
densed by charcoal and liquid air. The continua- 
tion of the inquiry into the Pao of thin 
films and into capillarity, the lecturer remarked, 
was an appropriate subject for the Royal Institu- 
tion ; for it been the last subject that had 
occupied Faraday. Sir James himself had felt 
the need of much thinner films than his rubber 
membranes, which had a thickness of 0.01 mm. or 
0.02 mm., and he had hence turned his attention 
to soap films. As the discourse chiefly dealt with 
soap films, we have ventured to add these words 
to the title of our article. 

Soap films, Sir James continued, and especially 
the thinnest ‘‘ black” soap films, were considered 
exceedingly delicate, and the question arose whether 
they were intrinsically unstable or whether they 
merely collapsed because they were disturbed or 
were contaminated by the liquid orthe air. It was 
certainly quite easy to keep a black soap film for 
months. Sir James put a closed glass jar, about 
9 in. in diameter, on the lecture-table ; near the 
bottom of the jar a black film formed a perfect hori- 
zontal partition. The term ‘‘black” must not be 
misunderstood ; ‘the film was perfectly transparent, 
and therefore practically invisible, but appeared 
black in reflected light. Plateau [of Brussels, who 
did such wonderful work on soap bubbles, even when 
blind] had estimated the thickness of the black film 
at12U x 10-6 mm. ; Reinold and Riicker had come 
down to 40 and 12 of the same units, millionths of 
a millimetre, Johonnot to 5, Rayleigh and Devaux 
(by different methods with different films) to 1.13 
and to 2 or 3 ; Sir James’s horizontal film, just men- 
tioned, was not more than one-millionth of a milli- 
metre in thickness. Yet the jar was not treated 
with any care, and ,Sir James demonstrated that 
the black film, if properly made in pure air 
or in & vacuum, was not at all unstable. He 
showed one film forming an equatorial plane 
in a sphere, and this would bear being shaken ; 
the film moved within the sphere, always re- 
assuming its equatorial position of cosiiiaton, 
horizontal or vertical; this film was not even 
quite black, but appeared slightly coloured. Then 
a vertical film was proj on to the screen ; 
the upper, thinnest part [the lower part in the 
inverted image scen] was black, the black was very 
slowly relies downward, as the liquid drained 
that way, and the whole film would have become 
black in a couple of hours ; yet the parts of the liquid 
which were streaming down through the black por- 
tion and the coloured bands underneath it, did not 
destroy the film. Another sphere, showing a film, 
half black and half coloured, was rocked to and fro, 
together with a scale on which the advance of the 
black portion could be measured, the demarcation 
line being quite sharp ; that line always tended to 
keep horizontal, while the sphere was being tilted. 
This stability of films, Sir James had discovered, 
was, moreover, known a hundred years ago; a 
Dr. Read, of Edinburgh, had, at the time when 
Wollaston described his cryophorus, put a small 
phial containing soap solution in a can of boiling 
water, closed the phial, and had “thrown” a 
bubble, which he had been able to keep for a long 
time. This “throwing” of a bubble or film by 
shaking the bottle, Sir James showed, required a 
knack. His bottles resembled thermometer tubes ; 
wide but rather short, and contained soap solution 
in the bulbs ; this solution was first put into the 
tube, which was then exhausted and sealed. When 
the bulb was heated (by the hand), a bubble or 
curved film was seen to start, say, from the right, 
travel over to the left, and then rise as a horizontal 
film (Fig. 1, overleaf); the next moment a bubble 
would start fromtheleft and travel over to the right ; 
some of the tubes exhibited contained more than a 
dozen horizontal films. One of the tubes exhibited 
had a conical side pocket; a film travelling past 
that opening would y enter it, and when the 
= was warmed externally by the hand, a 

ubble would be seen to swell out from the open- 





CAPILLARITY AND SOAP FILMS. 
Tue Friday evening discourses of the Royal 
Institution have, for the present, been changed 


the lectures commencing at 3, the discourses at 


For many years past Sir James Dewar, F.R.S., 
has opened the discourse season, and he did so 
again last Friday, by making a further communi- 
cation on ‘‘ Problems in ag me on which 
he discoursed a year . e had then spoken, 
Sir James told his audience, of the diffusion of 

through very thin membranes of rubber, and 
had studied the diffusion of gases not only into 
a vacuum, but also at higher pressures (up to 
20 atmospheres) and at temperatures ranging from 
—40 deg. up to 40 deg. Cent. on the curves he 
exhibited. The curves exhibited showed that the 
rate of diffusion, measured in cubic centimetres per 
day per square centimetre of membrane, increased 
in all cases, and strikingly above 0 deg. Cent., as 
the temperature roee, the order of increase for 
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ing, reach over to the other — wall, and then split 
into two horizontal films. The diagram, Fig. 1, very 
crudely indicates the beautiful phenomena; the 
dotted lines in the upper 
the position of loops of wire, fixed in horizontal or 
vertical planes, as will be described lower down. 
In some of the tubes exhibited the films looked 
slightly convex or concave; they travelled uP and 
down the tube under temporary illumination by the 
lantern beam. Those multiple films were easily 
produced, Sir James showed, by violently shaking 
the tubes so that they were all full of froth ; the 
films would afterwards make their appearance as 


Fig.1. 





Fig.2. 





the froth liquefied ; it was essential that the tubes 
should be highly evacuated, so that a click could be 
heard when the shaken liquid struck the other end 
of a tube. 

As these tubes were not convenient for some 
measurements, however, Sir James devised another 
form of apparatus. These were Y tubes, the two 
upper open ends of which were so bent and blown 
out into spherical cups that the rims touched one 
another. us a closed vessel was obtained, which 
was hermetically sealed after — in some soap 
solution and evacuating, the shape being somewhat 
as in Fig. 2. The main soap film would form across 
the stricture where the two cups were fused 
together (indicated by the dotted line of Fig. 2). 
But smaller films would also form in the narrower 

rts of the tubes, and such a film (at a) would act 

ike a stop-cock ; to remove such a stop-cock, that 
rt of the tube was heated or cooled from outside, 
o a piece of glowing wire or coal or by liquid air. 
he whole vessel fitted into a wooden box, black 
inside, and could be illuminated within the box by 
a small electric torch placed in a pocket of the box. 
With the aid of this apparatus the stability of the 
films above-mentioned could further be demon- 
strated, and the rate of advance of the black 
portion could be measured, One of the rectangular 
vertical films exhibited showed (directly observed, 
not projected) quite sharply four blacks (or a first 
black and three grey bands, immediately following 
one another, without transition tints, in horizontal 
stripes), a white, and finally a yellow portion. 
When the tube was tilted so that the liquid washed 
over the film which was being kept in a vertical 
plane, irregular streams were seen to run down the 
film; but the film cleared quickly, and in two 
minutes nearly the whole film appeared uniform] 
black of the first order; immediately setementh 
the black followed a series of narrow coloured hori- 
zontal lines, and finally a silvery portion. This 
beautiful film had a length of more than 2 in. 

The measurements on the rate of fall (advance) 
of the black line were also made with the straight 
tubes mentioned, into the upper ions of which 
circular or rectangular loops aS atinum wire were 
inserted in various positions. Thus the films might 
be horizontal or vertical, and the rectangles su 
porting them —_ have their long or their short 
sides vertical. ese remarks will explain the fol- 
lowing table on the ‘‘ Rate of Fall of Black Line 
in Millimetres per Minute : ”-— 


Film vertical in air ... .. 0.24 to 0.16 
Circle Film vertical in vacuum - 020,, 0.5 
[7a= vertical in vacuum on 

wire ... pee Sse .. 0.33 ,, 0.16 
Film horizontal in air . ‘ 0.12 
Film horizontal in vacuum ... 0.09 
Rectangle, long side vertical és 4 to0.4 

Rectangle, short side vertical . 0.2 ,, 0.016 


Another table exhibited, to which the lecturer 
did not have time to refer, however, showed that: 
the surface tensions in the coloured and the black 
films varied very little in magnitude; expressed 
in milligrammes per centimetre, these surface ten- 
sions ranged from 26.5 in a colourless film to 26.3 
in a slightly coloured film, to 26.1 in a film 5 per 
cent. of the area of which showed the first black, 
and to 25.9 in a film showing the second black all 
over. 


of the diagram mark’ 





Sir J. Dewar then alluded to other means of 


ducing films; for example, by dropping oil on clean 
water. An American physicist had recently taken 
collodion solution instead of oil, and obtained 


thereby films 7 x 10-* mm. in thickness. Those 
films shrivelled up and cracked near their edges as 
the solvent (amy! ether) evaporated, and the dry 
blackish film could be lifted off with the aid of a 

latinum-wire loop ; such a film afterwards looked 
Black if consisting of one thickness only, or silvery 
white if partly folded over. 

In concluding, the lecturer pointed out that such 
researches were not by any means so far removed 
from practical value as might appear. Utilisation 
of the peculiarities of surface tension had, at the 
Broken Hill mines in Australia, rendered possible 
the separation of the intimately mixed sulphides of 
zinc and lead from the complex silicates accompany- 
ing them. When the crushed ore was stirred with 
plenty of water, no separation took place by gravi- 
tation. When a few drops of oil or of oleic acid 
were then added to the pulp mixture, and the 
mixture was violently shaken into a froth [various 
means are used for this ee pa in practice], the 
sulphide particles were lifted up to the top [prob- 
ably by the air bubbles adhering to the greasy 

rticles], whilst the silicates settled at the bottom. 
Thus an industrially very important separation by 
‘* oil flotation ” had been worked out at Broken 
Hill. 

Mr. W. J. Green, B.A., and Mr. J. W. Heath, 
F.C.S., assistants at the Royal Institution, were in 
charge of the demonstrations. 





NOTES. 
Tae Work or THE British Mercuant Navy IN 
Wark Time. 

Some interesting data were given on this subject 
by Mr. W. S. Abell, M. Eng., Chief Ship-Surveyor 
of Lloyd’s ister, in the course of the James 
Watt lecture, delivered, on the 2Ist inst., before 
the Greenock Philosophical Society. Mr. Abell 
estimated that there were normally engaged in the 
foreign overseas trade 3600 vessels exceeding 1000 
tons measurement, of which one-third was liners on 
regular routes carrying passengers or merchandise, 
and averaging 5800 tons gross, while two-thirds 
were tramp steamers, averaging 4000 tons. Ap- 
proximately 800 had been requisitioned by the 
Admiralty for the purpose of supply and for trans- 

rtation of army units, forty-two had been 

etained in enemy ports, and seventy-eight in 
neutral or allied ports in the Black and Baltic Seas. 
The result of enemy attack during the first year 
of war was the destruction of 139 steamers useful 
for ny ay eres. The total number of 
steamers thus deducted is, roughly, 1050, but there 
were added 100 captured and interned German 
vessels, so that the net reduction was 950, equal to 
about 25 per cent. The effect of the war had also 
been to draw heavily, for naval purposes, upon the 
personnel of the merchant marine, and the rate of 
reduction was probably equal to that in respect 
of tonnage. Ships, however, now carried heavier 
cargoes, owing to the replacement of passenger 
steamers in ordinary liner traffic by large general 
traders, the utilisation of the steerage of n- 
ger liners for cargo purposes, and by fuller load- 
ing, due to time being allowed for the collection of 
cargo, since less importance was attached to 
dates of sailing. 
tion of 25 per cent. in the number of vessels 


P-| engaged in oversea trade, the reduction in the 


number of men (to about the same extent), and 
the falling off in the average number of voyages 
per ship per annum from 44 to nearly 3, since 
supplies had to be taken from more distant coun- 
tries, the weight of the merchandise imported was 
only reduced by about 12 per cent., the weight 
of the cargo carried for each 100 tons net of shi 
ping having increased from 115 tons weight to nearly 
45 tons weight. As regards loss of shipping, 
this was omy Racy less than in previous great 
wars. The Royal Commission on Food Supply in 
Time of War estimated in 1905, from somewhat 
meagre data, that the premiums for war risks 
should be taken at 5 per cent. on shipping 
values and | per cent. on property values. ese 
rates were fixed by the State under the war-risk 
scheme for the present year, 90 per cent. of the 
loss being borne by the country, and the balance 
by the ordinary insurance associations. The expe- 
rience of the first six months of the war had indi- 
cated that that empirical value approximated very 


Notwithstanding the reduc-) 





closely to the truth. Out of 4400 steamships entered 
in the war-risk associations, 172 were lost by the 
perils of war. The shipping value lost was 6} 
millions sterling, out of about 150 millions sterling, 
whilst the property losses came to 7} millions ster- 
ling out of a total value of cargo of about 1500 millions 
sterling. The losses in value among entered ships for 
the first year of war were thus about 4 percent. per 
annum, and for property about one-half of 1 per 
cent. per annum. Quoting the late Admiral Mahan, 
who regarded commerce destruction as only an 
important secondary operation of naval war, Mr. 
Abell was able to show that that distinguished 
American naval writer had once more proved 
correct when he pointed out that while commerce 
destruction might cause embarrassment and dis- 
tress, it could not be regarded as a primary 
measure sufficient in itself to crush an enemy, 
especially when the nation against whom it was 
directed possessed, as Britain did, the two requi- 
sites of a strong sea-power and widespread com- 
mercial and powerful fighting navies. Commerce- 
raiding by our enemies’ cruisers was practically 
broken after the first three months of the war, 
as was clearly established by the details carefully 
collected in Mr. Abell’s very interesting lecture. 


Rapium FRoM CARNOTITE. 


In discussing the constancy of the radium-ura- 
nium ratio quite recently, on page 38 of our issue 
of January 14, we mentioned that carnotite was the 
chief radium ore of the United States. A further 
Bulletin of the United States Bureau of Mines 
(No. 104) deals with the isolation of radium from 
this ore, as carried out by Charles L. Parsons, 
R. B. Moore, S. C. Lind, and O. C. Schaefer, in 
Long Park, Colorado, on behalf of the National 
Radium Institute and the Bureau of Mines, which 
own mines there. The plant was built in 1914, 
and operations were started in June of that year; 
the preliminary runs were so successful that a 
second, larger plant was opened in February, 1915, 
and both these plants are kept running. Carnotite 
is a hydrated vanadate of uranium and potassium, 
containing, in addition to barium, with which 
radium is generally associated, iron, aluminium, 
lead, and silica. The ore is less complex than 
the carnotite of Southern Australia, which occurs, 
together with ilmenite, a titanium-iron oxide ; the 
treatment of the two carnotite ores is hence quite 
different. To isolate the traces of radium trom 
tons of ores, the ores are leached with acid or with 
alkali, or both, or they are fused with sodium sul- 
phate (salt cake) or sodium carbonate. The former 
fusion method, originally applied to pitchblende, is 
also used by S. Radcliffe in Australia (see Enet- 
NEERING, Vol. xcviii., page 691, December 11, 1914); 
otherwise acid leaching is now preferred ; fusion 
with sodium carbonate has the disadvantage of 
bringing large amounts of silica into the solutions. 
The Bureau of Mines adopted leaching with hot, 
strong nitric acid; this acid will dissolve the 
radium-barium sulphates, which are not soluble in 
weak acids, though the use of strong, hot. acids 
involves considerable difficulties. To reduce the 
expense, the acid is recovered on the spot from the 

ium nitrate into which it is converted by the 
treatment. The pulverised carnotite is gradually 
fed into earthenware bottles containing boiling nitric 
acid of 38 per cent. The solution (containing nearly 
all the ad and uranium, but only 50 per cent. 
of the vanadium) is sucked through earthen- 
ware filters ; the solid residue is discarded. 
The solution is nearly, but not completely, neutra- 
lised with caustic soda, care being taken not to 
precipitate any iron and vanadium, and, not yet, 
any radium, which ought to fall out afterwards, 
when barium chloride and sulphuric acid are 
further added to the still acid solution, as radium- 
barium sulphates. Thus a precipitate of sulphates 
is gained which settles for four days in conical 
ibe, and is then se ted through earthenware 
filters from the solution, from which uranium and 
vanadium are subsequently recovered. The kilo- 
gramme of sulphates contains about 1 milligramme 
of radium in an insoluble form. The sulphates 
are mixed with one-fifth their weight of pure 
charcoal and heated in graphite crucibles to 800 
deg. Cent., to reduce the sulphate to sulphide ; the 
sulphide is dissolved in hydrochloric acid, with the 
generation of hydrogen sulphide, which sometimes 
catches fire [owing probably to the presence of 
phosphorus-hydrogen compounds], and the solution 
of ‘ame pure radium-barium chlorides is frac- 
tionated in strong, hot hydrochloric acid; the 
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silica-lined vessels of the Rogeat Company, of 
Lyons, France, have answered for this \ 
The fractionation is carried on in a series of five 
steam-jacketed kettles of 250 litres capacity, the 
circulation being such that the crystallised salt 
and the liquor move in opposite directions. The 
liquid has several times to filtered and treated 
with ammonium sulphide to remove traces of 
barium sulphate and lead salts. Subsequently 
the radium is precipitated, still together with the 
barium, by mat reer carbonate ; the precipitate is 
dissolved in pure hydrobromic acid, and by some 
twelve fractionations these two metals are finally 
separated, the resulting radium bromide being of 60 
to 80 per cent. purity. About 90 per cent. of the 
radium in the ore is gained. As regards the uranium, 
the recovery is also very satisfactory—up to 94 per 
cent.; but the yield of vanadium is only 30 Fa 
cent.; this is the weak point of the process. e 
chief product is, of course, the radium, and of this 
4285 milligrammes had been produced up to 
August, 1915—i.e., in the first months including 
the experimental period—at a total cost of 37,599 
dols. per gramme, from 724 tons of ore, which 
yielded in addition 31,650 1b. of uranium oxide and 
11,528 lb. of vanadium oxide. The values of these 
latter products are not stated; but the prices of 
chemicais are no more normal in the United States 
now than they are elsewhere. 





LITERATURE. 
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The Limitations of Sci By Louis TRENCHARD Mors, 
Ph.D., Professor in the University of Cincinnati. 
London : Constable and Co., Limited. [ Price 6s. 6d. net. | 

Tuts book consists of a collection of articles that, 

having already appeared in such periodicals as the 

Hibbert Journal, the Monist, &c., have now been 

corrected and enlarged by the author, in the hope 

that, viewed collectively, they may be the more 
effective in emphasising the difference between the 
domain of gheulesl investigation and that of 
metaphysical deduction. The contention is that 
natural phenomena and laws are independent of 
our thought, and must be examined objectively or 
verified by experimental test. We could have 
subscribed the more cordially to this thesis if the 
author had defined with some precision what he 
meant bya ‘‘ law of Nature,” but this has not been 
done, and we wander rather uncertainly among 
laws, theories, and hypotheses. He does suggest 
that the term ‘‘ hypothesis ” should be confined to 
those speculations in which we indulge when we 
attempt to define the causes of phenomena, and the 
word ‘“‘law” to those generalisations which are 
based on experimental cbservation of a material 
world. The misfortune is that philosophers and 
physicists are not agreed where the material world 
ends, and the definition here suggested does not 

advance us beyond the point of saying that a 

‘*law ” is equivalent to the accumulated records of 

man’s experience ; but we doubt if the author would 

accept this construction. On the other hand, it 
might be doubted if in physics the term ‘* law of 

Nature ” has any precise meaning. All the so-called 

laws of nature on examination are reduced to 

man’s hypotheses about Nature, and these vary 
with every accretion of knowledge. The ‘laws of 

Nature” seems to be essentially a metaphysical 

phrase, in which we decorate and try to give 

stability to our guesses at nature’s mechanism and 
operations. 

But where mechanism is studied and encouraged 
for forwarding material interests, where the objects 
discussed and handled appeal to us as real objects, 
possessing the sensible properties of occupying 
space and resisting change of motion, the author's 
impatience at some of the views recently put 
forward by scientists concerning matter and energy, 
ether and electricity, will meet with a good deal of 
sympathy. Practical results are not promoted by 
asserting that electricity is a static strain or a 
vortex ring ; that matter is a hole in the ether, and 
similar expressions by which distinguished physic- 
ists have endeavoured to translate mathematical 
conclusions into ordinary lan, e. Lest this 
should be thought to be an unworthy view to take 
of transcendental research, we hasten to add that 
the author would not limit physical investigation in 
any direction. His unsparing criticism is directed 
against those who would allow the vain speculations 
of metaphysics to masquerade in the sober guise of 
experimental inquiry. His book, in correcting the 








unintelligent readiness with which some minds 
receive all that is bizarre and extravagant, is useful, 
but he has missed the opportunity of a calm, 
deliberately-reasoned criticism that would have 
furnished a valuable mental exercise to those who 
are intelligently interested. It is not to be ex- 
pected that the author would pro any alterna- 
tive explanation of the facts revealed by the experi- 
ments of Thomson, Rutherford, Bragg and others, 
even if he accepts the results as facts; but he 
might have spared us his cheap sneers at certain 
eminent scientists, such as Sir Oliver Lodge, ‘‘ who 
bestows on the ether the ability to carry ghostly 
messages as well as light.” 

Undeterred by want of success in the past, the 
human mind will ever seek to penetrate the causes 
of natural phenomena. It is hopeless to attempt to 
exclude reasoning as beyond the scientific purview. 
The author praises Newton for refraining from 
publishing how the forces of attraction could act 
through space, but Newton’s silence on this point 
did not prevent speculation, nor did he abandon 
the idea that matter could not act where it was 
not. He never accepted the theory that gravity 
could be innate, inherent, and essential to matter, 
an explanation that might satisfy some minds, and 
where we sega the author would advise ue to 
leave it. e difficulty that presented itself to 
Newton, of action at a distance, is one that has 
been felt by many philosophers since, who, guided 
by experiments in other departments of physics, 
have constructed an elaborate mechanism for its 
elucidation. Much of the unsatisfactory character 
of the scaffolding erected is due to the fact, as the 
author points out, that it is necessary to assign to 
hypothetical quantities, as the luminiferous ether 
and ions, the properties and attributes with which 

mderable matter has made us familiar. The 
imitations of our senses prevents us recognising 
or imagining new or other properties. 

The chapter on and the description of 
the system of vortices, that was so generally 
accepted as satisfactory by the philosophers of 
his day, should prove valuable both in supplying 
information and in correcting errors. Descartes 
is one of the few whose reputation has been resus- 
citated after eclipse, and a tendency may be 
detected in some quarters to replace him on even 
a higher pedestal than he formerly occupied ; but 
few know what to admire and what to distrust in 
his teaching. He owed his authoritative position 
not a little to the use of a hypothesis that did not 
violate the philosophic principle that matter can- 
not act where it is not. That other difficulties, 
unforeseen and unexplained, remained, goes with- 
out saying, and as a mechanical system it is hard 
to see that his system possessed any great merit 
over the old devices of cycles and epicycles that it 
displaced. Descartes rendered valuable service to 
philosophic science, and he deserves to be honour- 
ably remembered here. We are sorry that the 
author cannot bury him without indulging in a 
sneer at the expense of those modern philosophers 
‘* who think any hypothesis valuable that escapes 
contemporaneous troubles.” 

In succeeding chapters Professor More describes 
the position at which scientific investigation has 
arrived, and discusses the consequences of several 
hypotheses that now find energetic support. But 
it is in the last chapter that he delivers his most 
telling attack against what may be held to be a 
real ger to society. If the deductions from 
metaphysical hypotheses are regarded as established 
and unquestioned truths, ethical teaching will be 
injured and the formation of character weakened. 
Such a result, it would seem, must follow if we 
trust too confidently to science as the sovereign 
of all — and accept the principle that all 
phenomena relating to life are to be attributed to 
the action of physical and chemical processes only. 
Some of us are not prepared to regard our ideas of 
morality and religion, of conduct and intelligence, 
as explicable simply in terms of positive and nega- 
tive electrons, the ether, and similar vague meta- 
physical creations. We are at one with the author 
in considering these speculations as outside the 
domain of science, and regard his pungent stric- 
tures as justified. Perhaps he is travelling some- 
what out of the record in discussing the aims and 
methods of eugenists, who are groping their way 
to the scientific treatment of a difficult problem. 
The author’s cautions and criticisms are generally 
effective, and he will have the support of those 
| — their old-fashioned notions of ethics 
and life, 





SHELLS ; MORE SHELLS. 

ey A} ee 
1a,— Your ents signing “A. CO.” 

“* Index ” appear to be absolutely a about the process 
and mixture referred to by me in Enoingxrine of the 
17th ult., as doubtless others more competent than I am 
in such technical details will tell these gentlemen in due 
time if they think this necessary. Personally I prefer to 
take no notice of hyper-critics who choose to make 

personal attacks under cover of noms de plwme. 

As the remarks of Mr. E. Wheeler and Mr. 
Frederick Mann, I would call their attention to a re- 
markable address on the best material and mixtures for 
shell bodies given by Dr. J. E. Stead, F.R.S., before the 
Cleveland Institute of Engineers on the 16th ult., in 
which occur the following words :— f 

‘* The only question is, and we are justified in asking 
it, whether they (the authorities) are certain as to what is 
suitable and what unsuitable material. It must be 
obvious that it is only by mechanical testing that one 
can find out, .As the question can so easily be settled 
by making saitable mechanical tests on finished shells, 
such as myself have made with convincing result 
in material at present » is it not in the national 
interest that such tests should be made by the authorities 
at head-quarters’? If the results of my mechanical tests 
are confirmed, then the obvious thing to do is to alter the 
specifications forthwith. If the mechanical teste are 
found to be conclusive, then it would be a national 
crime to reject material on any chemical ag 
before submitting the stee! in question in the form of 
a finished shell to the more convineing mechanical test.” 

This warning by a noted metallurgist naturally refers 
to steel, but it is SS _ to cast (iron) and 
other metals suitable for ies. 

In the same report a — by a writer of the 
German shell fragments found at West Hartlepool, 
perm. Fyn Png wee description is also 
a) to the German ragments in my posses- 
an and sent me from the battlefield—reads :— 

**One can have little conception of the terrible nature 
of these entll thay eso hanited. They bristle all over 
with horrible points and edges—some as keen as a razor. 
One peculiarity is the manner in which the fragments 
broke, pens what may be described as ‘sheer fractured 
surfaces ’ with sharp, knife-like terminations. The tracks 
of the fractures were often at angles of 35 deg. to 45 deg. 
to tangents of the shells, and the surfaces of many 
of them had a somewhat fibrous appearance, characteristic 
of great toughness. Tests made on the fragments of both 
the coarsely granular and fibrous varieties confirmed the 
conclusion that the former were brittle and the latter 
a ae 

Asexplained in my letter in ENGINEERING of the 17th ulb., 
these same characteristics were observable in the break- 
ing up in my presence of the annealed shell-body made 
from the special cast mixture in the Midlands. As a 
matter of fact, the metal of the said shell-body, presum- 
ably because of the process, the mixture, and manner of 
casting, appeared to be softer outside and closer and 
tougher inwards, which, I should say, ought to be ideal 
for the purpose, 

It has been kindly suggested to me that I may be 
‘flogging a dead horse” im thus trying to show how the 
mass of engineers and founders in this country might (in 
answer to Mr. Lloyd George’s urgent ) help the 
Government in furnishing cast shell-bodies in addition 
to forged-steel ones at their command ; and possibly this 
may be so, only, to use a similar metaphor, it may yet be 
equally conceivable that the alleged ‘‘ dead horse” may 


perhaps be ‘* to life” again. 

a temote Ge lemtinan wile cari chatboniion as well 

as forged-steel ones, it is common knowledge that cast 

shells, as well as fragments of cast shells, were found on 

the North-East Coast of England after the bombardment, 

ry all of the =) et pal type, thus, as Dr. Stead in 
said :— 


‘Seeing that the Germans have devoted more time and 
money and thought to the preparation for this war than 
any other peo we must admit they know what they 
ing, ab it as well as we do.” 
as has been said before during this controversy, 

for the Germans in this respect 

ought to no quaaliy geod fer us. , 
. Wheeler writes that while suitable steel is obtain- 
able, he sees no advantages in i 


; we bave 
been assured that there is no lack of -bodies, and that 
it is explosives we are short of. 

The obvious and inent replies to which are :— 


1. Su ing an inexhaustible supply of suitable steel 
were obtai how is it to be worked into an inex- 
haustible supply of shell-bodies more than we are having 
now, ones Sot special and ee is 
necessary, W is not available to inary neer 
and founder whom the Minister of Munitions so foolishly 
asked to help the Government, and work with, or use 
you aly gus ts tneus of pone tentiear titiy, out peneeet 
you truly put it in one of your ers , our 
engineering and iron-founding industry Ley be kept 
going,” and how is this to be done if only the steel 
agg Pot exploited by the powers that be ? 

comel feb of > be “ie , ped 
" sources of supply by utilisi untap 
engineering reserves of the tonmtay +” snl bow ls the 10 
be done without bringing into the services of the Govern- 
ment all the iron-foundries avai for helping (as is 
done in Germany) in the making of cast shell-bodies with 
the simple machinery these foundries have got, in order 
to fill up the gap, and not for the pargese replacing 
the already supply of forged-steel ? 

2. If, again, we have such an abundant supply of shell- 
bodies, how comes it that Mr. Lloyd went 
purposely down wo Glasgow on Obristmas Day to talk to 
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the engineers (not the chemists) and them to| matter what the chemical analysis is, the better it will 
Saran tee meet st dint We lnesde ieliatcieAinnasie ELECTRICAL RAILWAYS.* 
Prime Minister—no later than on Friday —~ pn Trusting I am not taking up too much of your valuable By Henry Mercatr Hoszart, M. Inst. C.E. 
for, if not more shells, and still more | space, 


——s. 
shells, in a in House of Commons. No word 
was menti of explosives. 

In reply to Mr. Frederick Mann, I would say that so 
far he is quite right. I had something in reserve, and I 
could not very well write more than I did, for (amongst 
other reasons) the perfectly valid one he suggests. I can 
safely inform him, however, that the — and mixture 
——e been protected, these were, I understand, freely 
oO 


e by the inventor some considerable time to the 
British Government tis), only to meet with usual 
delay or neglect. believe, however, that only last 


week, on learning that the French authorities were 
taking considerable interest in the matter, an order has 
rotually been placed by the British Ministry of Muni- 
tions for a number of shell bodies to be formed of the 
special cast mixture mentioned, so that it will be seen 


the cause appears to be progressing, and a re 
ad orse” may r 


sible that the suggested 
fore long be revivable. 

As I have had occasion to state before, I may repeat 
that my interest in shell-body making is absolutely im- 
personal, my only personal interest being that I have a 
son at the front (with the Canadians), that my company 
has over 200 of its employees with the Colours, and that 
T am anxious that the general engineering and founding 
trade should have the opportunity of doing its fair share, 
and that thus our forces should at least be put on equal 
terms with those of the Germans in the matter of she 

I have the honour to remain, 

Yours faithfully, 
James KErru, 
Assoc. M. Inst. C.E., M.I. Mech. E., 
M.I. Mar. E. 
Dunottar, Brondesbury, London, N.W., 
January 23, 1916. 





To THE Epitor oF ENGINEERING. 

_ Srz,—With further reference to my letter of the 4th 
inst., re ‘‘ Shells; more Shells,” I see from the letter of 
Mr. J. E. Hurst that my remarks re iron low in phos- 
phorus are somewhat misconstrued. I am quite aware of 
the fact that an iron low in phosphorus need not of neces- 
sity be close-grained, but for the purpose, for which I advo- 
cate using the iron, the close-grained fracture would be 
the best. This closeness of grain I recommend securing 
by means of a low total carbon content. 

I notice your correspondent ‘‘ Index,” in his epistle of 
January 10, remarks that tensile stre: 8 up to the 
amount mentioned by Mr. Keith have obtainable 
for many years with thin malleable castings, not more 
than j in. thick. It might be interesting to this gentle- 
man to learn that 33.6 tons tensile per sq. in. (or 27 tons 
on lin. area) have been obtained on test-bars of this 
thickness from a special malleable refined iron made ex- 
clusively at a Midland blast-furnace plant. 

I commend this to your correspondents for their further 
consideration. 

Yours faithfully, 
Freperick Mann. 

103, Albert-street, Wednesbury, January 24, 1916. 





To THE Eprror oF ENGINEERING. 

Sir,—In discussing ‘‘Shells; more Shells,” I notice 
that ‘“‘Index” refers your numerous readers to ten 
specfic points with reference to cast-iron shells, but it is 
to be regretted that he lacks the main factors when 
discussing this important business—viz., modern science 
as — recent investigations in cast iron ; therefore 
bis discussion naturally does not enlighten us much on 
the subject either economically or scientifically. If 
“Index” will allow me to make a s tion, I propose 
that he, or any of his friends conjointly with him, who 
ew be oe in the ee of shell 

ies or any other material uiring like ier, 
will be to deal with whe eutte © cnentif 
cally ; then I will, for my part, undertake to give them a 
discussion on matter. 
_ All T ask is that they keep as near as possible to recent 
investigations, and to labour on ancient history as little 
as possible. 
Yours truly, 
w. J 


. J. Foster. 
Darlaston Blast-Furnace*, Darlaston, January 24, 1916. 





To Tar Eprron or ENGINEERING. 

Sra,—Having followed with much interest the corre- 
spondence re cast-iron shells which bas appeared of late 
in your columns, it would be interesting further to note 
that such an eminent authority as Dr. Stead has also been 
attacking the subject, but from a slightly different tb. 
pasthote of Inagianen be SUNN L censies of enaiooes ot 

nstitute o' neers, in which a num 
German shells fired into d and elsewhere ony" col- 
lected, points out that by adher-ng to our strict analytical 
specifications we may unknowing 7 reject material which 
would otherwise be quite suitable for The analysis 
of these shells given varies as followa :—O, 0.393 to 1.12 
cent. ; Mn, 0.380 to 1.40; S, 0.027 to 0.083 ; and P, 
.028 to 0.105 per cent. ; thus showing that the Germans do 
not stick to onestrict specification. But, notwithstanding 
this wide variation of chemical analysis, and the use of 


steel containing a high of injur > 
ts out, did not burst in 
elsewhere. So as soon as 
our specifica- 

tions, and our experts see the advisability of using either 
cast iron (as your ts recommend), or, as Dr. 
Stead suggests, any that gives a good tenacity, no 








I remain, yours truly, 
J. Davis. 
17, Chesmet-road, Plumstead, Woolwich, 
January 24, 1916. 





‘** BALANCING OF PETROL-MOTORS.” 
To THe Epitor or ENGINEERING. 

Sin,—I entirely agree with the conclusion arrived at b 
the writer of the article on ‘‘ Balancing of Petrol-Motors” 
in your issue of the 21st inst. E 

matter is one to which I have devoted considerable 
attention, and in “‘ Internal-Combustion Engineering,” of 
October 1, 1913, I drew attention to the magnitude of 
the ‘‘unnecessary” loads on petrol-engine crank-shaft 


In the discussion on Mr. F. W. Lanchester’s paper on 
** Engine-Balancing,” at the Institution of Automobile 
Engineers, on March 11, 1914, I gave an abstract of some 
very complete calculations, which included the cylinder 
compression and explosion pressures plotted for several 
points in the revolution. ' 

engine was a large et, toe (48-in. bore by 
6-in. stroke), and (being a motor- = nena had rather 
heavy pistons and connecting-rods. The crank-shaft was 
2 in. in diameter and had three bearings. 

I found that at 2000 revolutions per minute the average 
load on the centre bearing was 3880 lb., reaching a mazi- 
mum of 5250 lb. when the inner cranks were turning the 
=. dead centre just before one of the inner cylinders 


At this a the load on the centre bearing was 
but little aff by the cylinder pressures ; the effect of 
the explosions was to reduce both maximum and average 
pressures. 

By fitting balance-weights the average load on the 
centre bearing would be reduced to a little more than one- 
third, and the maximum lateral load to exactly one-sixth. 

The ordinary split my g is ill adapted for taking 
heavy loads in the plane of division; the more so as 
engine-fivters habitually ‘‘ease off” the side faces of the 
brasses as a safeguard against possible ‘‘ nipping” of the 
shaft when tightening up the cap-bolts. oreover, the 
lateral loads on the bottom bearing being reversed in 
direction at each revolution, tend to loosen cap in the 
crank-case unless it is tightly fitted with a deep lip. 

The intensity of the loads set up by un rotat- 
ing masses is not so great in the case of the end bearings, 
but is still decidedly harmful, particularly as the deflec- 
tion of the shaft causes a ‘‘ bell-mouthing ” effect. 

In the course of the investigation I had a crank-shaft 
bedded into its bearings in the crank-case, and fitted 
with a double set of cantilevers acting on the crank-pins. 

ese cantilevers were loaded by means of a heavy spring 
connecting their free ends, so as to impose loads on the 
shaft equal to those set up by centrifugal force at 2000 
revolutions per minute. nw 

The deflection of the crank-casein a lateral direction 
was measured and found to be no less than ;3$; in. at 
the centre, and the angular displacement of the ends of 
the shaft would be about , 755 pe inch run—enough to 
cause serious bell-mouthing of the brasses. 

In conclusion, I would mention that the most successful 


racing-cars in the last two _— ave 
shafts, ¢.g., Maxwell, Stutz, Sunbeam, Minerva, 


crank- 
Vauxhall, &. Several touring-cars are now fitted with 
balance-weights, ¢.g., Oole eight-cylinder, Fergus 
Hispano-Suiza. ; 

I = a tabular summary of the calculations 
refe to. 


48-In. By 6-In. Four-CyLinpDER ENGINE. 
Loads on Centre Bearing at 1000 Revolutions per Minute. 


Shaft. Shaft. 
Unbalanced, Balanced. 
Maximum vertical load 1,600 Ib. 2,100 Ib. 
~ horizontal load 1,000 ,, 280 ,, 


Average load jn - ee « SDs 906 ,, 
Maximum vertical bending moment 6,800in.-Ib. 2,280 in.-Ib. 
os orizontal » 5, pa None 


Loads on Centre Bearing at 1413 Revolutions per Minute. 
2,800 Ib. 1,600 Ib. 


Maximum vertical load 
o horizontal load 1,750 ,, 320 ,, 
Average load _... oe oe -- 2,020,, 1,063 ,, 
Maximum vertical bending moment 13,600 in.-Ib. 4,560 in.-Ib. 
ee horizontal @ 1, ee None 


Loads on Centre Bearing at 2000 Revolutions per Minute. 


Maximum vertical load 5,250 Ib. 2,300 Ib, 
a horizontal load 3,300 ,, 550 ,, 
Average load 880 


Maximum vertical bending moment or 300 in.-Ib. 
oo horizontal °° 22,400 
Yours —. 
O. D. Nortu, B.Sc, A.M.I.A.E. 
76, Elm Park Mansions, Park Walk, Chelsea, S.W., 
January 23, 1916. 


1,466 ,, 
9,120 in.-Ib. 
None 





War Memoriats.—Professor 8S. D. Adshead, M.A., 
F.R.L.B.A., will deliver, at University College, six 
public lectures on architecture and pone 4 ture in rela- 
tion to war memorials, illustrated with tern-slides, 
on Wednesdays, at 5 30 p.m., beginning on January 26. 
Admission free. 





Non-InNFLAMMABLE TimBER.—The Timber Fireproofing 


Company, Limi Townmead-road, Fulbam, S.W., 
have re a containing extracts from recent 


re on railwa idents, 
with the use of tay w RE Sfelkae tor the eastioes 
tion of passenger railway carriages. 





(Continued from page 72.) 
Tue Norrotk AND Western 11,000-VoitT Rattway. 


Tue Bluefield Division of the Norfolk and Western 

ilway comprises the 29 miles of main line from Vivian 
to Bluefield, in the State of West bay are Fig. 13, on 
page 71 ante, and Fig. 14, below, show ———. 
of the road, which is double track, with the exception of 
the Elk Horn Tunnel, which is single track. Sidings, 
Tk a dete uel an 
the te electri length of single tra up 
97 miles. R.. = — from the profile in Fig. , that 
the line les, sometimes amounting to over 
2 per cent. ie Elk Horn Tunnel the east-bound 
trains ascend a 1.5 per cent. grade In addressing the 
New York Railroad Club, on March 20, 1914, Mr. George 
Gibbs made the following interesting allusions to this 
undertaking :— 

“*T will take the case of the Norfolk and Western first. 
It is, perhaps, the heaviest electric-traction scheme pro- 
posed anywhere in the world as yet. The coal traffic of 
this railway is the important one, and originates in the 
Flat Top and Pocohontas fields, which lie on the west 
slope of the heny Mountains ; it is this section of 
the road we are electrifying—that is, the rection between 
Bluefield on the east and Eckman on the west end, a 
distance of about 30 route-miles, or about 90 track-miles. 
Within this distance, and practically at the summit of 
the Alleghenies, is the Elk Horn Tunnel, about 4000 ft. 
1 ; it is a single-track tunnel, and constitutes the ‘‘ neck 
of the bottle,” fimitin the capacity of the entire road. 
The alternatives to electrification to relieve congestion 
were either to double-track the tunnel or to build a relief 
line, both of which would cost a great deal of money and 
require years of time. f ; ie, 

“Tt is found that electrification of the existing tracks 
would not only give the desired increase in capacity of 
the line, but would give it promptly, and would afford 
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Fre. 14.—Prorime or Execrririep Division oF 
THE NORFOLK AND WesTERN Raiiway. 
savi 


in operating costs which would carry the interest 
and depreciation > bara on its cost and leave a hand- 
some surplus besides. The maximum east-bound tonnage 
at present is about 65,000 tons per day up the gradient, 
of which about 48,000 tons is revenue traffic; this ton- 
nage, by the way, is exclusive of the ordinary tonnage 
of the road—it is simply coal tonnage that I am talking 
about. This tonnage is loaded in about twenty train 
units of 3250 tons each trailing load. This train is hauled 
up a 2 per cent. @ over the mountain to Flat-Top 
Yard by three Mallet compound engines, thence to Blue- 
field, 15 miles further, over an undulating grade with 
1} per cent. maximum by two Mallets. At this point 
trains are made up for the road run to tide water. The 
entire 30 miles that we are electrifying is what we might 
call a ‘gathering division,’ the tonnage being filled out in 
the section from the various coal workings ; it is, there- 
fore, treated as a separate engine division, and this makes 
the substitution of electric for steam power unusually 
advantageous and economical. For these Mallet engines 
we will substitute electric locomotives.” 
i ration of the Bluefield Division of the 
Norfolk and Western Railway was inaugurated in May 
of last Fg od (1915) with twelve 240-British-ton locomo- 
tives of the split-phase This type of locomotive 
re) tes from a single-phase overhead conductor. In 

e case of the Norfolk and Western system, a pressure 
of 11,000 volts and a periodicity of 25 cycles per second 
are ——— from the overhead conductor. 

Each 240-ton locomotive is made up of two 120-ton 
halves, and each half may be operated as an independent 
locomotive. The trains are, however, very heavy, and 
for grades of 1.5 per cent. or more, two 240-ton locomo- 
tives are necessary, the one at the head of the train and 
the other pushing at the rear. Trains of this composition, 
and comprising forty-five cars loaded with oa, Gagh 
2900 British tons, or, including the two 240-ton loco- 
motives 3380 tons. They are known as “tonnage” 
trains. Such a train is made up at or near the west end 
of the division. The up-grade trip from Vivian to Ruth 
at the eastern end of the Elk Horn Tunnel is made at a 
speed of 14 miles per hour. Formerly it required three 
240-ton Mallet engines—two at the head one at the 
rear end of the train—to make the same trip at about 
7 miles hour, exclusive of sto for coal and 
water. Such a steam-locomotive train weighed complete 
(2900 + 3 x 240) = 3620 tons, or 7 per cent. more than 


* James Forrest Lecture, delivered before the Institu- 
tion of Civil Engineers, on Tuesday, December 14, 1915. 
In the enforced absence of Mr. Hobart in America, this 
lecture was delivered on his behalf by Mr. John A. F. 
Aspinall, M. Inst. O.E. 
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the electric train. The total elevation from Vivian to 
Ruth is about 900 ft. The distance is 15 miles, the 
average thus being about 1.13 per cent. ? 

On the assumption of the same per ton of fric- 
tional resistance, the ‘‘ drivers-to-draw-bar ” efficiencies 
for these trains are— 


. - 2900 
Electric train ~— x 100 = 86 t. 
ic per cen’ 


- 2900 
Steam train —— x 100 = 80 cent. 
3620 as 

The Norfolk and Western electrification provides the 
following important features :— 

1, Decreased outlay for wages of locomotive crews and 
train crews due to the greater speed and longer trains. 

2. outlay for maintenance of electric loco- 
motives as compared with that of Mallets. 

_3. Greater annual train (and ton) mileage per locomo- 

tive. 

4. Greatly increased capacity of the division. 

5. Superiority of electric traction for lines with frequent 
and long tunn 

6. outlay for track maintenance with elec- 
tric | »tives as cc d with bs. 


7. Saving al 





8s in brake-shoe renewals, and freedom from 
speed restrictions on down grades due to the heating of 
ae in virtue of employment of regenerative 
control. 

8. Elimination of congestion at tunnels, especially at 
the single-track Elk Horn Tunnel. 

It is desired to dwell fora moment on this last feature. 
The 3000-ft. single-tracked Elk Horn Tunnel is the bottle- 
neck of the ue, Even the inherently slow Mallets 
were driven through the tunnel at reduced speed to 
reduce the quantity of smoke and gases. It was neces- 
sary to delay sending in a train until sufficient time had 
elapsed mae | to free the tunnel from the smoke and 
gases emitted by the preceding train. Such considera- 
tions occasion a bunching up of trains at both ends of a 
tunnel. Obviously, with steam trains, a serious con- 
gestion of this sort can ye slowly relieved owing to 
the time which must be wed to elapse between the 
passage of successive trains. They cannot be ‘* bunched” 
in the tunnel. With electric locomotives, ae 
trains can be taken through, headed by one -ton 
locomotive and with two more 240-ton pusher locomo- 
tives. A train of this formation may considerably 
exceed in useful weight any steam-hauled train, since 
each steam locomotive employed increases the amount of 
smoke and gases and the time required to put the tunnel 
in ooo - ge train. . ectric — a 
ing a 8 of 14 miles per hour can espa, 
through the Elk Horn Tunnel at the rate of a train every 
3 minutes, as against 6 miles per hour steam trains, of less 
useful weight, every 7 minutes. Taking into account the 
geeater useful tonnage per train which can be carried 
electrically through the tunnel, and the greater speed, 
it may be fairly stated that any bunching up of tonnage 
on the division can be relieved by electric operation in 
about one-third the time which would be required with 
steam locomotives. 

It has sometimes been claimed* that electric operation 
is inferior to steam-locomotive methods with b to 
the ability with the latter to d tch trains in fleets in 
emergencies. It has been sta’ that in this respect 
electric operation takes away track capacity “‘just at the 


time when the operating official most needs it.” While 
the author admits that such occasions may arise, he con- 
siders that for every such occasion there can ci 


others where the electric operation of heavy freight- 
trains will permit of relieving, or (which is more im- 
portant) preventing congestion by the increased capacity 
with which it endows a system with a given trackage. 
Generating-Station at Bluestone.—For the case of the 
Norfolk and bey Railway, oe ae elec- 
tricity is provi rom & special 25-cycle generati 
station located at Bluestone, as shown in Fig. 13. The 
generating-station is equipped with three 10,000-kilovolt- 
ampere steam-turbine-driven 11,000-volt single-phase 
generators. The pressure is —— up from 11,000 volts 
to 44,000 volts, and transmi at this pressure to five 
sub-stations, where are installed an aggregate of 28,000 
kilovolt-amperes of transformers for stepping down to 
11,000 volts, the pressure required at the locomotives. 


* Mr. A. H. Babcock, at page 1851 of vol. xxxii. (1913) 
of the Transactions of the American Institute of Elec- 
trical Engineers, in a paper entitled ‘‘ Mountain Railway 
Electrification,” states: ‘A slight derangement of 
schedules, or an extra freight movement, citrus fruits or 
oil, or a blockade, for exam will cause congestion 
beyond any possibility of estimating. This traffic must 
be dled as circumstances require. It cannot be spaced 
conveniently for power many engineers and 


At Page 927 of vol. x. (1913) of The Electric Journal, in 
an article entitled ‘“‘ Heavy Electrification Tendencies,” 
Mr. W. S. Murray writes: “‘Suppose a bunching up of 
trains and tonnage to take place at some point on the 
system, due to a wreck, a broken wire, a short-circuit, or 
trouble with signals. When conditions ahead have been 
adjusted and traffic may be resumed, the operating 
official in charge wishes to let his trains through, one 
behind the other, just as fast as his block sections will 
permit, and so make up time lost due to the breakdown. 
With steam service there is nothing to prevent this.” 

It has been shown that in such cases as that at the Elk 
Horn Tunnel there is, —— = Mr. Murray’s sugges- 
tion, much more to prevent resumption of normal 
conditions with steam service than with electric service, 
and equivalent conditions are constantly met. 





The Norfolk and Western Electric Locomotives.—The 
twelve 240-ton electric locomotives operating on the 
gia ny ane tee 

ase system ; ,000-volt single - 

pp pres is collected from the overhead conductor by a 
pantograph trolley, with a sliding collector. This high- 
re electricity is received by a own trans- 
oy my ty Mg gg ay ty 

1a) in . 6 re at 
terminals of this transformer is 750 volts. Part of the 
a Ga from the secondary of the trans- 
former to the polyphase motors (indicated di mati- 
cally as B in Fig. 15) which drive the locomotive. The 
remainder of the electricity passes through the phase- 
litter C, on its way to D nw ay motors B. By 
is means the single-phase electricity supplied to the 
locomotive is converted into a electricity, and is 
motors B. 


thus made suitable for driving = 
Each 240-ton locomotive is equi with eight of these 
wer from the motors 


poly hase driving-motors. The 
18 vered to the driving-wh through geared side- 


rods, the gear ratio being 4.72. 





4,000 VOLT TROLLY 
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Fie. 15. Connections or TRANSFORMER PHasE- 
SpPuitTER AND Moror or Norrotk AND WESTERN 
Locomorive. 


The rotors of the polyphase motors are provided with 
definite windings and slip-rings, so that water-r ts 
may be inserted in the rotor-circuits during the starting 
| also for of speed control. 

The 240 British tons of weight of the Norfolk and 
Western locomotive is made up of 227,000 Ib. of electrical 
equipment and 310,000 lb. of mechanical equipment. The 
motors can be operated with either eight or four poles. 
With the former connection the s is 14 miles per 
hour, and the continuous rating is 2600 horse-power, 
corresponding to a traffic effort of 68,600 Ib. With the 
four-pole connection, the s: is 28 miles per hour, and 
the continuous rating is horse-power, corresponding 
to a tractive effort 40,000 Ib. For these two connec- 
tions the weight of the electrical equipment per horse- 

wer of continuous rating works out respectively at 


Ib. and 75 Ib. ; 

When add the New York Railroad Club on 
March 19, 1915, Mr. George Gibbs gave the following 
data of these electric locomotives :— 

Length over-all .. 106 ft. 8 in, 

wheel-base 11 ft. 
Truck wheel-base 16 ft. 6 in. 
Diameter of driving-wheels 62 in. 
Diameter of pony-wheels oe 30 ,, 
Weight on drivers os .. 197 British tons 
Total weight of locomotive oa 


The Mallet locomotives which were employed on the 
Bluefield division prior to its electrification were described 
by Mr. Gibbs as “‘of the latest compound t: fitted 
with mechanical stokers and superheaters.” He gave 
their weight as “about 370,000lb. on drivers, and 
540,000 Ib. total, including tender, and are estimated to 
have a tractive power of about 85,000 Ib.” 
tonnage-trains were handled normally at a speed of from 
7 to ' ——~! qubeeaed on the grades, except in the Elk 


Horn Tunne 
(To be continued.) 





East Inpian Ratiway.—The effective of the 
East Indian Railway is 24473 miles, of which 0.85 mile is 
six-track, 34 miles four-track, 24 miles three-track, 611 
miles double-track, and 1908 miles single-track. In addi- 
tion to these lines, the Delhi, Umballa and Kalka Rail- 
way, 191§ miles, and the South Behar Railway, 794 miles, 
are worked by the East Indian Company, making the 
total wor! ab close of September last year, 


27183 mi Satisfactory has been made with 
the ion of a relief li wan to Howrah, 
and it will 'y be for traffic about the middle 
of 1916. ae Sane wae Oe Cee eae 
works of importance now in 





THE FLOW OF AIR THROUGH NOZZLES.* 


By Captain THomas B. Moruey, B.Sc., Associate 
Member, of the University of Glasgow. 
Introduction.—The primary object of the experiments 
described in this paper is to compare various forms of 
nozzles, with regard to their effectiveness for the produc- 
tion SC Sip = ot Saeng 60 SP 2 eee wey be 
Seles, 0 eonqecin of thn deka ond Oe weedy 
. & com v 
avtai can be made with thoee calculated from the 
ordinary theory, in which reversible adiabatic expansion 


is assu’ 

Section II. of the paper refers to an investigation into 
the nature of pn my produced by a jet upon a flat 
plate, and its relati ip to the reaction of the jet. 

Secrion I.—Erricrency or Nozzixs. 

The ter of this section refers to experiments 
on noasles ¢ ce. ban in view of the good results obtained 
with very short nozzles, two simple orifices were also 
tested. results of the orifice experiments are stated 


separately. 

Forms 7 Nozzles Tested. —Sections of the nozzles tested 
are shown in Fig. 1(below). The nozzles were all made 
of gun-me 

features the influence of which was investigated 
were the entrance curves, the rate of divergence after 
the throat, and the length. The latter two together, of 
course, determine the ratio of the cross-sections at the 
outlet and at the throat. With the exception of nozzle 
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No. 2, the nozzles were of the convergent-divergent type 
originally, and after being tested in this form were cut 
down to anys shorter lengths, as indicated in 
Fig. 1 and in Table 1. (below). 


Taste I.—Experimental Nozzles. 


























| 
Number | Diameter Diameter | Shenae of Bianteoe 
(see at at Length. fs “4 faches Length 
Fig. 1). | Throat. | Outlet. | of Cone). 
| in. in. in. | 
1 | 0.1935 0.42 a 
la 0.262 1.44 
lz 0.195 0.75 | lin 8 
le 0.1945 0.60 | 
Ib | 0.194 0.52 | Nearly parallel. 
2 | 0.192 | 0.192 2.85 _ 
3 6©| 0.19 «|| O48 2.75 
Ba 0.32 1.48 | 
se | 0.28 0.76 | Varying. 
3c 0.207 0.60 | 
sp | | 0.205 0.68 
2 {om | 88 | iB | 
eo | | 0.218 oss | lin 8 
4c | | 0.196 0.28 FEE aie 
5 0.1955 0.28 ge. 4 
5A | 0.205 1.12 \ 1 in 64 
5B | 0.199 0.28 | 
6 | 0.196 0.28 2.75 
6A 0.219 0 
6s 0.2°6 1.16 1 in 64 
6c | 0,200 0.80 
6 | | 0.196 0.50 | 
Com series of tests were carried out on most of 
the but not on all. In some cases, when it became 
evident that a certain nozzle form would give results 
of an intermediate character—for example, that results 
for No. 18 would lie between those of Nos. 14 and 
lo—only a limited number of experiments were made. 
On the other hand, in certain cases, a few experiments 
were made on nozzle forms intermediate to those shown. 
Nozzle No. 3 had a curved contour after the throat 


instead of a straight conical divergence. Nozzles 1 and 
4 had the ap eines, but different entrance curves. 





* Paper read before the Institution of Mechanical 
i January 21, 1916. 
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Nozzles 5 and 6 had a very gradual taper and different 
entrance curves. Nozzle 2 was convergent only, and had 
a very long entrance curve compared with the others. 

Measurement of Discharge 7 Y 
The method adopted for the measurement of 
charge consisted in determining the time-rate of 
of pressure and of temperature in a large closed reservoir 
from which air was allowed to escape into the atmo- 
sphere through the nozzle under test. The theory of the 
method is as follows :— 

Let v= volume of the reservoir, and let m, p, and T 


Fig. 2. AIR RESERVOIR AND NOZZLE. 
































(4600.8) 


be the maser, the pressure, and the absolute temperature 
respectively of the air in the reservoir at any time ¢. 


Then m = 2 


fp where R is a constant ; 


.*. the rate of discharge 


dm v dp p an) 
ae ™BE* (35 T™ ae (1) 


The air reservoir used was a yee vessel of mild 
steel, 3 ft. in diameter and 6 ft. high, with domed ends. 
The lower part of the reservoir is shown in section in 
Fig. 2. The nozzle N was coupled to the cock C, which 
was screwed to the horizontal branch of a 3-in. T-piece 
bolted to the bottom of the air-vessel. Below the T-piece 
was a blind flange and a 3-in. cast-iron pipe acting as a 
standard to carry the weight of the reservoir. The total 
volume of air contained when all valves were shut was 
46.9 oub. ft. The gauge G indicated the pressure in the 
reservoir. 

In the first experiments a curve of pressure was ob- 
tained automatically by means of a recording pressure- 
gauge, but su uently this was discarded, and more 
accurate results obtained by noting on a stop-watch the 
times at which the pointer of the gauge G just coincided 
with a particular series of pressure graduations. 
gauge was frequently calibrated. The r) of pres- 
sures in the experiments was from about 70 lb. to 25 Ib. 
per sq. in. absolute. . 

The temperature in the reservoir was found in the 
earlier experiments by measuring the electrical resist- 
ance of fine bare copper wire stretched on a wooden frame 
placed horizontally at A B, which occupied nearly the 
whole of the cross-section of the reservoir. Arrange- 
ments were made to enable the resistance to be deter- 
mined very rapidly, so that it could be found at inter- 
vals of a few seconds. In later experiments a small 
thermo-couple was inserted at the point D ; the tempera- 
tures found by its aid practically agreed with the previous 


results. 

Fig. 3 is typical of the results obtained. During the 
gam eo 6 eee , from p = 55 Ib. 
to p= b. = sq. in.--the range of temperature did 
not exceed 2 deg. Fahr. It was found that during 
this period of nearly constant temperature log p was a 
linear function of the time ¢. 

Curves of log p and ¢ for several nozzles are shown in 
Fig. 4. It will be noticed that the only deviation from 
a straight line takes place at the earlier stages of the flow 
—that is, when the temperature is falling rapidly.* 

Experiments in which the initial pressures differed 
widely produced graphs which became parallel—for a 
given nozzle—after the initial stages of the flow. Hence 
it was decided to take T as the mean temperature for 
that part of the flow during which the curves of Fig. 4 
were straight, to regard T as constant, and to replace 

* According to the usual theory, and provided that the 
ratio of the pressure of the cuasaghese inte which the 
jet issues, to the pressure in the reservoir, is less than 
the critical value 0.528, the rate of discharge is given 
by - =k PX, where i is» constant, and A is the 
cross-section of the nozzle at the throat. Also, from 
equation (1), de RT “* if T be constant, so that 
ae is then proportional to p, and hence log p is a linear 
function of ¢, 











equation (1) by the equation : 
dm_v dp_ wv 
dt RT dt RT?’ 
where 6 is the slope of the curve of log p and ¢. 
The straightness of the curves of p and ¢ indicates 
that the actual discharge is proporti to the theoretical, 
or that the d coefficient is constant for the range of 
pressure concerned. So long as the pressure in the re- 
servoir exceeds — » say 28 Ib. per 


(2) 


Fig.8. RATE OF CHANGE OF PRESSURE 
AND TEMPERATURE. 


F 








4. LOG. PRESSURE AND TIME. 


-7 Min. 
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Fig.7. IMPACT AT VARYING DISTANCES. 
(ON REDUCED NOZZLE AREA) 


°6C 


Impact, Lb. ( Reduced’) 


12 
Distance from Nozzle, Inches. 


(e008) 


8q. in. absolute, the discharge according to the usual 
theory is given by 
dm _ 9534? 4, 





dt JT 
the dis being in pounds second, ~~} 
care inc, Ain ogame inches and i in eg. Fabr. 
absolu 
.*. the discharge coefficient c 
=_"_bp + 0.534 pa = . = 5 
rt” JT O64R “A JF ne 


Experiments made at different times showed that ordi- 
i ospheric temperature and humidity 

Coefficients. — experimental 
factors to be determined were v, A, T, and b. The 
yolyme » was found by filling the reservoir with water 








and then running the water into a tank, in which it was 
) The error is negligible. To measure A, cylin- 
drical were made, ground to fit the throat of the 
nozzles and measured by a micrometer. It is difficult to 
determine the diameter to a closer degree than 0.001 in., 
which implies a possible error in the area of 1 per cent. 
_ The mean temperatures used in most of the. calcula- 
tions are certainly ‘within 1 deg. Fahr. of the actual 


temperatures during the latter part of the flow, so that 
error in the square root of T is not more than 0.1 per 


‘cent. In some cases T wasassumed from the atmospheric 


Fig. §. 
IMPACT APPARATUS. 
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temperature and from the temperature drop usually ob- 
served in previous experimeats ; even in this case ,/‘I' is 
correct t00.3 per cent. The slope d of the curve of log p 
and ¢ depends chiefly — the accuracy of the readin 
of the pressure-gauge. It could be relied upon to 0.5 Ib. 
per sq. in., and in view of the closeness the experi- 
mental points to the straight-line graph and the consist- 
pa of repeated experiments, b may be taken as correct 
within 1 per cent. certainly. Hence the error in 
coefficient of dishcarge cannot exceed 25 per cent. at 
most, and probably does not exceed 1 per cent. Errors 
in the area A do not affect the discharge (see equation 2), 
which is therefore correct within less than 1 per cen?. 
Measurement of Velocity.—The methods of measuring 
the velocity of the air-jets that were considered were 
(a) the Pitot tube, (6) measurement of the reaction, and 
(c) measurement of the impact of the jet upon a surface 
of known form, the most suitable surface being a flat 
plate placed normally to the jet, and large enough to 
ensure that the air should leave the plate tangentially. — 
In comparing these methods it was always kept in 
mind that the mean or “‘ effective ” velocity of the jet was 
the object aimed at—that is, the measure of the effective- 
ness of the jet for employment in, say, a com’ -air 
turbine or for jet propulsion by reaction. The Pitot tube 
would afford a means of determining velocities at certain 
points in the jet only, and on account of the small size of 
nozzles that was ticable, a complete survey of the 
distribution of velocity would be exceedingly difficult. 
would also arise the question of the s' disation 
of the Pitot tube for velocities up to 1600 ft. or 1800 ft. 
per second. Also, in calculating the velocity from the 
readings of the Pitot and the Perey tubes, it is neces- 
sary that the density of the fluid in the jet should be 
known ; the temperature must therefore be known, but 
the measurement of the tem sure of a jet in rapid 
aoe sins ae ties. The im method 
was at first but in view of the differences dis- 
covered when was at varying distances from 
the nozzles, the reaction method a 


A —The apparatus used for 
mination of the i of the jet is illustrated in Fig. 5, 
above. A brass plate A, 12 in. in diameter, was fixed 

i : was carried 


ivot-bearings on & 


= was mounted by delicate 
also fixed to the stand F. From an extension of 
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the spindle B a cord H H passed im a direction normal to 
the plate A, then over the pulley G, and carried at its 
lower end a scale-pan. 

The spindle B was limited in movement by stops (not 
oo in so Sour). Lay Tig may = being horizontal, as 
shown in Fig. page the impact apparatus was 
placed so that the jet would impinge normally at the 
centre of the plate A. The zero was adjusted by placing 
weights on the scale-pan until the spindle swung just 
clear of its stops. Extra weights were then added, the 
air allowed to flow, and the pressure in the reservoir was 
noted when the spindle again just cleared the stops in the 
same manner as before. A dash-pot below the ecale-pan 
served to limit oscillations of the apparatus. _ 

Reaction Apparatus.—To measure the reaction of a jet, 
it is necessary to have a flexible or a swivelling connec- 
tion between the nozzle and the source of the air-supply. 
In order to avoid the difficulty of making a joint which 
should be reasonably air-tight and yet nearly frictionless, 
experiments were made with canvas hose as the flexible 
connection, then with an iron tube and a short length of 
hose to give flexibility at one point only, and then with a 
fixed horizontal pivot added to the latter arrangement as 
near the flexible connection as ible. 

None of these was iefesaned by friction (except for a 
very slight friction in the last named), but they all 
suffered from the defect that they were deflected from 
their zero position by changes of pressure of the air in 
the connecting pipes, and as this deflection was dif- 
ferent for all pressures, and liable to accidental variations 
as well, it was impossible to separate accurately the 
effects of pressure and of reaction. . 

The apparatus which was finally adopted, and which 

ve very satisfactory results indeed, is shown in Fig. 6. 
The nozzle A was coupled to a T-piece B which served 
as a small air-receiver, the pressure being indicated by 
the gauge C. The T-piece B was connected by a long 
iron pipe D, swivelling-joint E, and coupling F to the 
larga air-reservoir. The T-piece B, with its attachments, 
rested on the platform G of a small weighing-machine, 
and the apparatus was set so that the axis of the nozzle 
was vertical when in the balanced position, A long, light 
pointer was fixed to the beam of the weighing-machine 
to indicate its movements, and a definite ition of 

ance was ensured hy attaching to the platform of the 
weighing-machine a light spring fixed at its upper end to 
a bracket which could be raised or lowered by a ecrew. 
After the weight of the apparatus had been approximately 
balanced, this ecrew was adjusted so that, on raising the 
platform G and gently releasing it, the pointer came to 
® marked ition. Weights were then placed on the 
scale-pan of the weighing-machine, thus again raising G, 
and a cock cantell between the air-reservoir and the 
coupling F was carefully opened until the pointer just 
returned to its zero ition, when the reading of the 

uge C was noted. Ih this way it was ensured that the 
tiction at the swivel-joint E would influence both the 
vero reading and the reading during a test in the same 
way. The zero was again checked after the reading had 
been taken. On account of the Jength of the pipe D, the 
influence of friction at the joint E was very s and it 
was found also to be very constant, so that it is safe to 
regard friction effects as completely eliminated by the 
method of working described. 

Calculation of Velocity.—The reaction of the jet 


dm 


Vv 
a = = F, say, 


F ; 
*. velocity V = 4 4 = (from equation (2)) aed 
dt 


For gegen of comparison, it is convenient to calcu- 
late the velocity for an initial air-temperature of 60 deg. 
Fahr.; the ‘“‘ reduced ” value of V thus becomes 


RTFg 520 
vbp T 
Taking v = 46.9 cub. ft., and F in pounds, 


=k Fvt where k is & constant. 
vbp 


V = 150.5 7 feet per second. (4) 
P 

According to the ordinary theory, the effects of tempe- 
rature on the discharge and on the velocity are inverse, 
so that the theoretical reaction is independent of tempe- 
rature. Experiments carried out at different times 
showed that the actual impact and reaction were not 
affected by atmospheric c' of temperature. This 
applies also to changes of humidity. 

Acowracy of Impact, Reaction, and Velocity Results.— 
Both the impact and the reaction appliances were very 
sensitive, indicating with care to 0.2 oz. The chief 
observational error in these experiments was due to the 
pressure-gauge, which could only be read to 0.5 Ib. 
sq. in. Comparing the change of impact or of reaction 
corresponding to this with that being measured, and 
considering the sensitiveness of the apparatus, it is con- 
cluded that the impact and reaction results are, on the 
whole, correct within 1.5 per cent. at pressures of about 
70 Ib. per sq. in., and within 5 per cent. at 30 Ib. per 
sq. in. 

The impact results do not agree with the reactions 
within these limits; but this difference is not due to 
errors of observation in experiments, and it is discussed 
in Section IL. of the paper. 

The velocities calculated from the experimental data 


depend upon F, / I, b, and p in equation (4) (The vol 
meet ied Ye ths conteant 1005 4 ion on 





v which is uded is taken as 
correct.) Hence, due to observational errors only, the 


error in V at 70 lb. per sq. in. is less that 3 per cent., 
and at 30 Ib. per sq. in. is,less than 6 per cent. 


QUANTITATIVE Resvuits OF EXPERIMENTS. 


Discharge.—A number of typical grephe of log p and ¢ 
are shown in Fig. 4 (page 92), and Table II. contains 
the discharge coefficients for all the nozzles tested. 

Since the discharge coefficient for each nozzle was 
found to be constant, the actual discharge values need 
not be tabulated. They can be easily found by multi- 


TaBLE II.—Discharge Coefficients. 





Mean Abso- 
~~ bot lute Tem | 

pe- 
| G rature. 


deg. F. | 


516 
508 


ozzle. | Cross-Section 


N Diacharge 
(See Fig. 1.), at Throat. 


Coefficient. 





8q. in. 
1 0.0294 
1p 0.0294 


0.0704 
0.0702 


S8 





2 0.0289 0.0695 
0.0701 
0.0707 


0.0690 
0.0699 
0.0706 


513 





516 
508 


515 
518 
513 


518 
613 


514 
512 


3 0,0298 
0.0298 





4 0.0292 
4a 0.0292 
4c 0.0292 





5 | 0.0300 
5B 0.0300 


0.07380 
0.0730 


0.0734 
0.0734 | 


eeless!|see|s!ee 
ua 


eo eecl|sels 
$8) 28/888!) sR\8 








6 0.0302 
6c 0.0302 


plying the ‘‘ theoretical discharge og unit area of nozzle,” 
as shown in Table III. (below), by the nozzle area, and 
by the discharge coefficient as shown in Table II. 

@ coefficients for a particular nozzle and those 
derived by cutting it down can be compared with greater 
accuracy than those for entirely different nozzles, since 
errors in the measurement of the throat areas do not 
affect the former comparison. As was to be expected, 
the shortening of the nozzles leads to a slight increase 
of the discharge coefficient. That this increase is not 
entirely due to the reduction of the wall surface, ard 
consequent reduction in friction at that surface, but 
depends also on the taper, is evident from the results 
obtained with nc zzles 5 and 6, which were nearly parallel, 
and which, after being cut down to 5s and 6c, had prac- 
tically the same discharge coefficient as before. The 
relatively low coefficients for nozzles 1, 3 and 4 are due 
to over-rapid divergence after the throat, which causes 
shock losses and resistances, which raise the prescure at 
the throat. 

The influence of the entrance curves of the nozzles, 
about 0.1 in. radius in nozzles 4 and 5, 0.5 in. in nozzles 1, 
3 and 6, and a relatively very long entrance in nozzle 2, 


Tasie III.—Theoretical Discharge per Unit Area of 
Nozzle. 
(Temperature 60 deg. Fahr. or 520 deg. Fahr. absolute.) 


Pressure. 
Lb. per Sq. In. 


a. ‘ 

. per nd | 
per Sq. In. Lb. per Sq. In. 
45 
40 
35 
30 
26 





1.752 
1.€38 
1.520 
1.403 
1.285 
1.169 





can be best examined by reference to the results obtained 
with nozzles 1p, 2, 3p, 4c, 58 and 60, for all of which the 
divergent part has been completely, or almost com- 
pletely, removed, although, for the reason already 
stated, these results cannot be so accurately compared 
as those for nozzles having the same throat. 

The maximum difference in the coefficients for these 
nozzles is 2 per cent., which is within the limit of pos- 
sible experimentalerror. It is quite probable that nozzle 
3p has really a lower coefficient than the others, since it 
had a perceptibly sharp change of curvature at the throat 
which would set up a vena contracta in the stream of air. 
Excluding nozzle 3p from the comparison, the maximum 
difference in the coefficients is 1 per cent., so that it may 
be concluded that the various entrance curves have no 
appreciable effect upon the coefficients. 

mpact and Reactivn.—It was noticed that the impact 
of an air-jet upon the flat plate varied as the distance of 
the plate from the nozzle was altered, and accordingly a 
series of tests were made at constant pressures of 62.6, 
52.6, 42.6, and 32.6 Ib. per eq. in. in order to determine 
the amount of this variation, and in particular to find the 
maximum value of impact. 

The results of the experiments at 626 and 32.6 lb. 
per sq. in. areshown in Fig. 7. In order to eliminate the 


per | effect of differences in the nozzle areas, and so to facili- 


tate the comparison of the results, the impact is in all 
cases “reduced ” to a common nozzle area of 0.03 sq. in. 
—that is, the actual impact is multiplied by - 0.08 ° 
nozzle area 

The curves show a general similarity, and the impact 
attains its maximum at a distance of about 8 in. from the 
nozzle. In some cases the maximum occurs at 6 in. and 
in some at 10 in. distance, but the change in its value 
between these points is small. Hence, when the maxi- 
mum at other pressures was required, only a few dis- 
tances in the neighbourhood of 8 in. were tested. 

_The probable caurs of the variation of the impact is 
discussed in Section II. 

The values of the reaction and of the maximum impact 





are shown plotted upon a base of pressures in Figs. 8 to 


13, 93. The curves for some of the intermediate 
nozzle forms have been omitted in order to avoid con- 
fusion. The full lines represent reaction, the dotted 
lines maximum impact, and the chain-dotted lines the 
** theoretical ” reaction. Most of the curves are nearly 
straight except at pressures below about 35 Ib. (or, in the 
case of nozzle 3, 45 1b.) per sq. in. results not 
shown in the figures, the reactions for nozzles 18 and 
lc, which are the same, are 0.02 Ib., and for 1a 0.125 Ib. 
below those for 1p; 48, from being 0.03 lb. below 
4c at 30 becomes slightly above 4c at 70 Jb. per aq. in.; 
*. is 0.02 = — wy _ aay me below 6c. a a rule, 

ucing the length of the divergent nozzles greatly 
increases their efficiency, although this reduction has 
apparently been carried too far in the case of nozzle 5s, 


| which gave a lower reaction than 5a. 


Velocity.—The velocities calculated from the experi- 
mental data are shown in Figs. 14 and 15, page 93, Fig. 14 
corresponding to the reactions, and Fig. 15 to the 
maximum impacts. In Fig. 14 the results for nozzles 
1p, 3p, 4c, 54, 60, 6D are shown by a single curve repre- 
senting their mean, with which each nozzle withi 
the limits of experimental error. The relative order of 
merit of the nozzles, as indicated by both figures, is _ 
tically the same. Nozzles 1 and 3 differ only slightly in 
contour, but the effect upon the efficiency is very marked, 
nozzle 3 being much inferior. Comparing nozzles 1 and 
4, or 5 and 6, the divergent parts of which are about the 
same in length and taper, it is evident that the nozzle 
with the larger inlet curve gives the higher velocity, 
though the difference is not . 

The nozzles with the rapid taper are much less effective 
than Nos. 5 and 6, in which the taper is gradual. is 
is to be expected from theoretical considerations, for on 
ee ~~ of A gener for initial and —_ 
pressures of, say, and 14.7 lb. per sq. in. respectively, 
1t is found that the ratio of the poet ort the outlet to that at 
the throat should be 1.33, so that if the throat diameter is 
0.196 in., the outlet diameter should be 0.226. In the case 
of nozzle 6, this diameter occurs when the length is 
2.4 in., but in the case of nozzle 1 the same ratio of areas 
is reached when the length is 1.2in., and for nozzle 4 
when the length is 0.6in. The experiments show that 
the best results are obtained when the nozzles are even 
shorter than these lengths; also the comparative effi- 
ciency of the nozzles over a very considerable range of 
pressure seems to be independent of the pressure. 

According to the bay ay one should expect the shorter 
nozzles to be the best for low pressures, but that at higher 
ay y+ rather longer nc zzles, of the same taper, should 

the best. The range of pressures available in the ex- 
periments was too limited to permit of full investigation 
of this point; but so far as the tests go, the nozzle which 
is better than another of the same group—that is, having 
the same throat and same taper—at one pressure is found 
to be better at all pressures. The only indication of an 
exception to this is furnished by nozzles 48 and 40, the 
reaction curves for which cross at a pressure of 55 Ib. fo 
sq. in.; the effect is very slight, however, and may be due 
to experimental error. Naturally, as the nozzles are cut 
shorter and shorter, the effect of different degrees of 
taper is diminished, and the results for all the nozzles 
tend to agree as they approach a simply convergent form, 
though, since nozzle 58 gave a slightly lower reaction 
than 54, it seems that a certain amount of divergence 
may be desirable. Nozzle 2, which is entirely convergent, 
is too long, giving a lower reaction than the others when 
they are cut down to their best proportions ; this lower 
efficiency is not so marked in the impact results. 

Considering now the absolute values of the velocities 
obtained with the best nczzle forms, it will be seen that 
those based . the reactions are practically equal to 
the theoreti values, while the impact experiments 
lead to figures some 12 per cent. higher. The accuracy 
of the experiments has already been discussed. 
discrepancy in the results of the two methods forms the 
subject of a separate investigation which is described in 
Section II., and from which it appears that the velocity 
calculated from the reaction is correct. The efficiency of 
the best nozzle forms is thus practically unity. 


(To be continued.) 





Workers’ Homes in AvusTRALia.—In several of the 
Australian States, says the High Commissioner for 
Australia, there are systems established by the Govern- 
ment under which workers may obtain from the Govern- 
ment financial assistance in order to enable them to 
secure homes on easy terms. The system has been a 
great success. Many have in this way able to free 
themselves from the landlords and to establish comfort- 
able homes, paying off the amount advanced by the 
Government under easy conditions. In South Australia 
the first Act dealing with the establishment of workers’ 
homes was passed in 1910, and in order to get a loan 
under the Act the applicant had to possess either land 
on which he pro’ to build, or else cash to the amount 
of at least one-fifth of the cost of the dwelling and the 
land. An amendment has now been proposed, wi 
provides that the board of trustees of the State Bank 

land at the request of a person who 


might 

desires to build, but is unable to do so without special 
assistance. myo eg la has to be made by the appli- 
cant to prove his fides in the matter, and the sum is 
to be forfeited if, after the land has been purchased 
refuses to enter into an agreement with the board to buy 
it. The trustees have to be satisfied, among other things, 
that the applicant has been in employment for at least 
200 days in each of the three years immediately preceding 
the i with a view to ensure that the 





of the request, 
— of the ‘Act should not be taken advantage of by 
‘ers. 








